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TrTLEQFTHRTNVENTION 

CYCUC AMIDINE ANALOGS AS INHIBITORS OF NITRIC OXIDE 
SYNTHASE 

S BACKGROUND OF THE INVENTIQN 

This 2q)plication is directed to inhibilors of Nitric oxide 
synthase, and in particular cyclic amidines. 

10 Nitric Oxide in Biology. 

The emergence of nitric oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 

IS times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels: nitric oxide 
derived firom diese cells relaxes smoodi muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 

20 cells such as platelets and neutrophils as well as on smooth muscle, bodi 
of the blood vessels and also of other organs such as the airways. In the 
brain and elsewhere nitric oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitric oxide 
q>pears to be produced in small amounts on an intermittent basis in 

25 response to various endogenous molecular signals. In the immune 
system nitric oxide can be synthesized in much larger amounts an a 
protracted basis. Its production is induced by exogenous or endogenous 
inflammatory stimuli, notably radotoxin and cytddnes elaborated by 
cells of the host defense system in response to infectious and 

30 inflammatory stimuli. Ihis induced production results in jnolonged nitric 
oxide release which contributes both to host defense processes such as 
the killing of bacteria and viruses as well as pathology associated with 
acute and chronic inflammation in a wide variety of diseases. The 
discovery diat nitric oxide production is mediated by a unique series of 

3S three closely related enzymes, named nitric oxide synthases, which utilize 
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the amino acid arginine and molecular oxygen as co-substrates has 
provided an understanding of the biochemistry of this molecule and 
provides distinct pharmacological targets for the inhibition of the 
syndiesis of this mediator, which should provide significant beneficial 
5 effects in a wide variety of diseases. 

Nitric Qxidg Synthases 

Nitric oxide and L-dtnilline are formed fiom L-aiginine via 
10 the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-aiginine, 02 and NADPH are 
cosubstrates while FMN, FAD and tetrahydrobiopterin are cofactors. 
NOSs fall into two distinct classes, constitutive NOS (cNOS) and 
inducible NOS (iNOS) . Two constitutive NOSs have been identified. 
15 They are: 

(i) a constitutive, Ca''~''/calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 
response to receptor or physical stimulation, 

(ii) a constitutive, Ca'H-/calmodulin dependent enzyme, located 
20 in die brain (ncNOS or NOS 1) and elsewhere, that releases 

NO in response to receptor cr (rfiysical stimulation. 

The third isofonn identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca"*^ independent enzyme which is induced after 
activation of vascular smooth muscle, macrophages, 
endothelial cells, and a large number of otiier cells by 
endotoxin and cytokines. Once expressed, this inducible NO 
synthase produces NO in relatively large amounts for long 
periods of time. 

Spectral studies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown that these enzymes (which has been classified 
as P-4S0-IikB enzymes from theu* CO-difference spectra) contain a heme 
moiety. Hie structural similarity between NOS and the P- 
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450/flavoprotein complex suggests that the NOS reaction mechanism 
may be similar to P-450 hydroxylation and/or peroxidation. This 
indicates that NOS belongs to a class of flavohemeproteins which contain 
both heme and flavin binding regions within a single protein in contrast 
5 to the multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 



Distinct Functions of NO Prnrtucgd hy mff^ ^ 

The NO released by the constitutive enzymes (NOS 1 and 
NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et. oL, FEBS 
Letters, 316, 175-182, 1993) which is present in the brain and a number 

15 of peripheral tissues, the other for an enzyme present in endothelium 
(NOS 3) (Maisden et, al, FEBS Utters, 307, 287-293, 1992). This latter 
enzyme is critical for production of NO to maintain vasorelaxation. A 
second class of enzyme. iNOS or NOS 2, has been cloned from human 
liver (Geller et. al, PNAS, 90, 3491-5. 1993). and identified in more than 

20 a dozen other cells and tissues, including smootfi muscle cells. 

chondrocytes, the kidney and airways. As with its counterpart from the 

murine macrophage, this enzyme is induced upon exposure to cytokines 
such as gamma interferon (IFN-T). interleukin-ip (E^lp), tumor necrosis 
factor (TNE-a) and LPS Oipopolysaccharide). Once mduced. iNOS 

25 expression continues over a prolonged period of time. The enzyme does 
not require exogoious cahnoduUn for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al., Pharmacol. Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 

30 have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan. FASEBJ., 6, 3051-64, 1992) for fighting tumour cells and 
invading microorganisms (Wright et al.. Card. Res., 26 ,48-57, 1992 and 



WOM/14844 



PCTAJS9S/14812 



Moncada et al.. Pharmacological Review, 43, 109-142, 1991). It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by die NOS 2. 
S NO generated by NOS 2 has been implicated in the 

pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by LPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-aiginine (Kilboum et aL, PNAS, 87, 3629- 
32, 1990). Conditions which lead tt> cytoldne-UMluced hypotension 

10 include septic shock, hemodialysis (Beasley and Brenner. Kidney Int., 42, 
SuppL, 38, S96-S100, 1992) and IL-2 therapy in cancer patients (Hibbs 
et. aL, J. CUn. Invest., 89, 867-77, 1992). NOS 2 is implicated in these 
responses, and tiius the possibility exists that a NOS inhibitor would be 
effective in ameliorating cytokine-induced hypotension. Recent studies 

IS in animal models have suggested a role for NO in the pathogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et. al., J. 
Pharmacol. Exp. Ther., 264, 1 1-16, 1990) and cerebral ischemia and 

20 arthritis (lalenti et aL, Br. J. Pharmacol ., 110, 701-6, 1993; Stevanovic- 
Radc etaL, Arth. & Rheum., 37, 1062-9, 1994). Moreover transgenic 
mice deficimt in NOS 1 show diminished coebral ischemia (Huang et. 
al. Science, 265, 1883-5, 1994). 

Furdier conditions where thoe is an advantage in inhibiting 

25 NO production from L-arginine include dierapy with cytddnes sudi as 
TNF, ILrl and IL-2 or therapy with cytokine-inducing agents, for 
example 5. 6-dimethylxandienone acetic add, and as an adjuvant to short 
term immunosuppression in transplant therapy. In addition, compounds 
which inhibit NO syndesis may be of use in reducing the NO 

30 concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
autounmune and/or inflammatoiy conditions such as arthritis, ihemnatoid 
arthritis* chronic bowel disease and systemic lupus eiythematosis (SLE). 
5 It is also thought that an NO synthase enzyme may be involved in 
insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
die inesent invmtion provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducing dierapy, as an adjuvant to short term immunosuppression m 
10 transplant therapy, for the treatment of patients suffering from 

infkimmatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

SUMMARY OF TNYFim^^N 

IS 

The inventi<m disclosed hoein encompasses compounds of 

Fonnula I 

O'n'S 
R4 R,, 



and phannaceutically acceptable salts thereof which have been found 
useful in the treatment of nitric oxide synthase mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflammation. These diseases and disorders 

25 include hypotension, septic shock, toxic shock syndrome, hemodialysis 
related conditions, tuberculosis, cancer, IL-2 tiierapy such as in cancer 
patients, cachexia, immunosuppression such as in transplant tiierapy, 
autoimmune and/or inflammatory indications mcluding sunburn, eczema 
or psoriasis and respiratory conditions such as bronchitis, asduna, 

30 oxidant-mduced lung injury and acute respiratory distress (ARDS), 
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glomerulonephritis, restenosis, inflammatory sequelae of viral infections, 
myocarditis, heart failure, atherosclerosis, osteoarthritis, rheumatoid 
arthritis, septic arthritis, chronic or inflammatory bowel disease, 
ulcerative colitis, Crohn's disease, systemic lupus erythematosis (SLE), 
5 ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes^ insulin-dependent diabetes mellitus and cystic fibrosis. 
Compounds of Formula I are also usful in the treatmmt of hypoxia, 
hypecfoaric oxygen convulsions and toxicity, dementia, Alzheimer's 
disease, Syctenham's chorea, Paikinscm's disease, Huntingtcm's disease, 

10 amyotrofrfuc lateral sclerosis (ALS), multiple sclerosis, qxilepsy, 

KocsakoCTs disease, imbecility related to cerebral vessel disorder, NO 
mediated cerebral trauma and related sequelae, ischemic brain edana 
(stroke), sleeping disorders, eating disordm such as anorexia, 
schizophrenia, depression, pre-menstrual syndrome (PMS), urinary 

15 incontinence, anxiety, drug and alcohol addiction, pain, migraine, emesis, 
immune complex disease, as immunosupressive agents, acute allograft 
rejection, infections caused by invasive microorganisms which produce 
NO and for preventing or reversing tolerance to opiates and diazepines. 



20 nETATrpn nPiscRiPnoN of the n 

The invention disclosed herein encompasses compounds of 



Fomiulal 



R4 R, 

25 I 



Rl »R2 '1' ' 



and phannaceuticaUy accq)table salts thereof whoein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 
30 X is selected from CH2,0,S and NH, 



WOM/14M4 



PCT/US9S/14S12 



-7- 

Rl. R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) CM2alkoxy, 

5 (c) CM2alkylS(O)kwhereinkis0, 1 or2, 

(d) mono C i- i2alkylamino. 

(e) (di-Ci.i2aUcyl)amino. 
(0 Ci.i2a]kylcaibonyl, 
(g) Ci-i2alkyl. 

10 (h) C2.12alkenyl» 

(i) C2-12aIkynyl, 
0) C5-10cycloalkyl, 

(k) hetero C5.10cycloalkyl,wheiein the hetero C5.iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
15 andN, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaiyl, wherein heteroaiyl is selected from the group 
consisting of: 

(I) benzimidazolyl, 
^ (2) benzofuianyl. 

(3) benzooxazolyl, 

(4) fuianyl, 

(5) imidazolyl, 

(6) indolyl. 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(II) pyrazinyl, 
0 (12) pyrazolyl, 

(13) pyridyl, 

(14) pyiimidyl, 

(15) pyrrolyU 
(17) isoquinolyl. 
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(18) 


tetrazolyl. 


(19) 


thiadiazolyl. 


(20) 


diiazolyl. 


(21) 


thienyl, and 


(22) 


triazolyl. 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected from hydrogra, phenyl, cyclohexyl 
10 orCi.6alkyl, 

each of (b) to (m) being opti(Mial]y mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

15 (3) -NR6R7t where R? is selected from hydrogen, phenyl, 

cycldiexyl or Ci.6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

20 (7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 

or when two members of the group Ri, R2 and R3, including the 
optional substituents present thereon, reside on the same 

25 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside 
on adjacent atoms of Formula 1, said two members may 
optionally be joined, such that together with the atoms to 
y»hach they are attached dine is fonned a saturated or 

30 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

mmiocyclic ring optionally containing up to three hetero 
atoms selected from N, O <»: S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
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adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
5 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected fiom 
N.OorS, 

R4, R5 and Rsa are each mdependently selected ftom the group 
consisting of 
Ip (a) hydrogen. 

(b) linear and branched Ci.i2alkyl, bptionaUy mono or di- 

substituted, the substiments being independently selected 
from 

(1) hydroxy, 

15 (2) carboxy, 

(3) -NR6R7. 

(4) -0R6. 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

2^ (7) halo selected from F, CI, Br and I. 

(8) phenyl, optionally mono or di-substimted with 
hydroxy, halo, CMalkyl, or Ci.4alkoxy. 
(c) -C(0)NR8R9, where Rg and R9 aie each independendy 
hydrogen, phenyl, cyclohexyl or Ci..6a]kyl, said Cl.6alkyl 
25 optionally substituted by 

(1) hydroxy, 

(2) amino. 

(3) carboxy. 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independendy H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORio. 

(6) -C(0)ORia 

(7) -S(O)inRl0. where m is 0. 1 or 2. 

(8) halo selected from F, Q, Br and I, 
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(9) optionally substituted aryl wherein aiyl and aiyl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

hetooaryl substituents are as defined above, 
5 (1 1) optionally substituted CS-lOcycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero Cs.iocycloalkyl wherein 
heteto cycloalkyl and hetero cycloalkyl substitumts 
10 are as defined above, 

(d) -C(S)NR8R9. 

(e) -C(0)R9. 

(f) -C(0)0R9. 

(g) -C(S)R9. 
IS (h) phenyl, 

(i) cyclohexyU 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Widiin this embodiment is the geaus wherein 
20 n is 0, 1,2, 3 or 4. 

X is selected from CH2, 0, S and NH, 

Rl, R2 and R3 are each independentiy selected bota the group consisting 
of 

(a) hydrogen, 
23 (b) C].6alkoxy, 

(c) Ci.6alkylamino, 

(d) Cl.6alkylcarbonyl, 

(e) Cl.6alkyl, 

(f) (!:2-6alkenyl, 

30 (g) C5, C6orC7cycloaIkyl. 

(h) hetero Cs or C6 cycloalkyl,wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 hetmatom selected firom S, 
OandN, 

(i) aryl, selected from phenyl or nq^tiiyl. 
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(j) heteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 

(1) iuranyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyiimidyl, 

(6) thiazolyl. 

(7) thienyl. and 

(8) triazolyL 

each of (b) to (j) being optionally mono or di- substituted die 
substituents being independentiy selected from 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7, where R6 and R7 are each independentiy 

hydrogen, phenyl or CMalkyl, 

(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F. CI, Br and I. 

or when two members of die group R] , R2 and R3 including die 
optional substituents present diereon, reside on die same 
atom of Formula I. or two of die group Ri, R2 and R3. 

including die optional substituents present tiwieon, reside 
on adjacent atoms of Fonnuki I, said two members may 
optionaUy be joined, such diat togedier witii die atoms to 
which they are attached diere is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring q)tionally containing up to diiee hetero 
atoms selected from N, O or S, 
or when a member of die group Ri, R2 and R3 including die 
optional substituents present diereon, resides on an atom 
adjacent to die N on which R4 resides, said member may 
optionally be joined widi R4, such dut togedier widi the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionaUy containing up to three hetero atoms selected from 
5 N.OorS, 

R4. R5 and Rsa are each independently selected from the group 

consisting of 

(a) hydrogen* 

(b) linear and branched Ci.6aUEyl, optionally mono or di- 
10 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7. 
15 (4) .OR6. 

(5) -C(0)OR6. 

(6) -S(0)kR6* where k is 0, 1 or 2, 

(7) halo selected from F. Q. Br and I, 

(c) -C(0)NR8R9, where Rg and R9 are each indqwndently 
20 hydrogen, phenyl, cyclohexyl or Ci.4alkyl, said C l.4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carfooxy, 

25 (4) -NRioRi 1 . wherein Rio and R] 1 are each 

independently H, Ci.4alkyl, phenyl or benzyl. 

(5) -ORio. 

(6) -C(0)ORio. 

(7) -S(0)mRlO. where m is 0, 1 or 2, 
30 (8) halo selected from F, a. Br and I, 

(9 optionally substituted aryl wherein the aiyl and 

substituents are as defined above, 
(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents ate as defined above, 
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(1 1) Optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 



(i) cyclohexyl, 
such that R4 is present only when side a is a single bond and side b is a 
double bond 



Within this genus is the class of compounds of the formulae 



wherein 

X is selected from CH2. S and NH. 

Rl, R2 and R3 are each independendy selected fiom the group consis 
20 of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl, said Ci.4a]kyl 

being optionally mono or di- substituted the substinients 
being independendy selected from 
25 (1) caiboxy, 



(2) -NR6R7, wherein R6 and R7 are each independendy 

hydrogen or Ci.3alkyl, 

(3) -OR6. 

(4) .C(0)OR6. 

(5) -S(0)kR6. where k is 0, 1 or 2. 



5 



defined above, 
-C(S)NR8R9. 



10 



(d) 
(e) 
(f) 
(g) 
(h) 



-C(0)R9, 
-C(0)0R9. 
-C(S)R9, 
phenyl. 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or CMalkyl, said Cl. 
4alkyl optionally substituted by 

5 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRi(^i 1 , wherein RlO and R] 1 are each 

independently 
10 Ci-salkyl 

(5) -ORio. 

(6) -C(O)ORl0, 

(7) -S(0)mRlO. where m is 1 or 2, 

(8) halo selected from F, Cl, Br and I, 
15 (c) -C(S)NHR9; 

(d) Ci.3alkyl; 
R5 is selected from die group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
20 (c) -C(S)NR8R9. 

(d) Ci.aalkyl. 

As appreciated by those of skill in the art the additional 
carbon members of the Formula I ring, "( )n" and definidons "CH2" and 
"NH" under X, provide available positions fw the substituents Rl, R2 or 
25 R3. 

When any variable (e.g. Ri. R2, R3, R4. R5. R6> R?. R8> 
Ra, k, n, p etc.) occurs in any position of a compound of Formula I, its 
definition on each occurrence is independent of its definition at every 
other occurreikx. 

30 Accordingly, in one aspect die invention disclosed herein 

encompasses compounds of Fnrnula I 
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1^ 



R4 Rg, 



I 



and pharmaceutically acceptable salts thereof wherein 
5 side a or side b has a double b<Mid, 
nisO, l,2,3or4 

X is selected from CH2. CR12R13. 0, S(0)m, NH. and -N(Ci.6alkyl)-, 
m is 0, 1 or 2, 

Rl. R2, R3, R12 and R13 are each independently selected from die group 
10 consisting of 

(a) hydrogen, 

(b) Ci.i2alkoxy» 

(c) C].i2alkylS(0)k wherein k is 0, 1 or 2. 

(d) mono Ci-nalkylamino. 
IS (e) (di-Ci.i2alkyl)ammo, 

(f) Cl.l2alkylcaibooyl. 

(g) Cl.i2alkyl, 

(h) C2-12alkenyl, 

(i) C2.12alkynyl, 
20 (j) C5-10cycIoalkyl, 

(k) hetero CS-lOcycloalkyl, wherein the hetero Cs-iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

(1) aryl, selected from phenyl or naphthyl, 

25 (m) heteroaiyl, wherein heteroaiyl is selected from the group 

consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 
30 (4) fiiranyl. 

(5) imidazdyl. 
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(6) 


indolyl. 


(7) 


isooxazolyl. 


(8) 


isothiazolyl, 


(9) 


oxadiazolyl. 


(10) 


oxazolylt 


(11) 


pyrazinyl, 


(12) 


pyrazolyl. 


(13) 


pyridyl. 


(14) 


pyrimidyl, 


(15) 


pynolyl. 


(17) 


isoquinolyl. 


(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl. 


(21) 


thienyU and 


(22) 


triazolyl. 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

20 (q) C(0)OR6,R6 is selected fh>m hydrogen, phenyl, cyclohexyl 

orCi.6alkyl, 

each of (b) to (m) being optionally numo or di- substituted 

die substituents being independently selected from 
(1) hydroxy, 
25 (2) carboxy, 

(3) -NR6R7> where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -0R6. 

(5) -C(0)0R6. 
30 (6) -S(0)kR6. 

(7) halo selected from F. Q, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 
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or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
caibon atom of Formula I, or two of the group Rl, R2 and 
R3, including the optional substituents present thereon, 
5 reside on adjacent atoms of Formula I, said two members 

may optionaUy be joined, such that together with the atom to 
which they are attached thoe is fonned a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing vap to three hetrao 

10 atoms selected from N, O or S, 

or when a member of the group R], R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionaUy be joined with R4. such that together with the N 

1 ^ on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N.OorS. 

20 with the proviso that one of R12 and R13 is other than hydrogen, 
R4« Rs and RSa are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci. I2alkyl, optionally mono or di- 
25 substituted, the substituents being uidepoidently selected 

from 

(1) hydroxy, 

(2) carboxy, 
• (3) .NR6R7. 

30 (4) -0R6, 

(5) -C(0)OR6. 

(6) -S(0)kR6. 

(7) halo selected from F, Q, Br and I, 
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(8) phenyl, optionally mono or di-substimted with 
hydroxy, halo, CMalkyl, or Ci.4alkoxy, 
(c) -C(0)NR8R9. where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Cl.6alkyl, said C].6alkyl 
5 (^tionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) caiboxy, 

(4) -NRi(^i 1, wherein Rio and R 1 1 are each 

10 independently H, Cl.6alkyl, phenyl or benzyl. 

(5) -ORio. 

(6) -C(0)ORia 

(7) -S(O)inRl0. where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 

13 (9) optionally substituted aryl wherein aiyl and aiyl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted CS-lOcycloalkyl wherein 

20 cycloalkyl and cycloalkyl substituents are as defined 

above, 

(12) optionally substituted hetero Cs-iocydoalky] wherein 

hetero cycloalkyl and hetero cycloalkyl substiturats 
are as defined above, 
25 (d) -C(S)NR8R9, 

(e) -COR9, 

(f) -C(0)OR9, 

(g) -C(S)R9. 

(h) phenyl, 

30 (i) cyclohn^l, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
m is 0, 1 or 2, 
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nisO. 1,2, 3 or 4, 

X is selected from CH2, CRl2Rl3. 0, S(0)m NH, and -N(Ci.6alkyl)-, 
Rl. R2, R3, Rl2 and R13 are each independently selected ftom the 
group consisting of 

(a) hydrogen, 

(b) Ci.6alkoxy. 

(c) Ci.6alkylaiiiino, 

(d) Ci.6alkylcart)onyl. 
(c) Ci.6alkyl, 

(f> C2-6alkenyl, 

(g) C5iC6orC7cycIoalkyl, 

(h) hetero C5 or C6 cycloalkyl.whercin the hetero C5 or Cfi 
cycloalkyl optionally contains 1 heteioatom selected ftom S. 
OandN, 

(i) aiyl, selected from phenyl or naphthyl. 

(i) heteroaryl, wherein heteroaiyl is selected ftom the group 
consisting of: 

(1) furanyU 

(2) pyrazinyl, 

(3) pyiazolyl, 

(4) pyiidyL 

(5) pyiifflidyl, 

(6) diiazolyl, 

(7) thienyU and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected ftom 

(1) hydroxy. 

(2) caiboxy, 

(3) -NR6R7. where R6 and R7 are each independently 

hydrogen, phenyl or CMalkyl, 

(4) -OR6. 

(5) -C(0)OR6. 

(6) .S(0)kR6. wherekisO. 1 or 2. 
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(7) halo selected from F, CI, Br and I, 
or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group R 1 , R2 and R3, 
S including the optional substituents present dioeon, reside on 

adjacent atoms of Formula I, said two members may 
q)tionally be joined, such that togedier widi the atoms to 
which they are attached tfioe is formed a saturated or 
unsanirated monocyclic ring of S, 6 or 7 atoms, said 
10 monocyclic ring optionally containing iq> to three hetero 

atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to die N on which R4 resides, said member may 
IS optionally be joined with R4, such that togedier widi the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to tiiree hetero atoms selected from 
20 N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4. R5 and Rsa are each independentiy selected firom the group 
consisting of 

(a) hydrogen, 

25 (b) linear and branched Ci.6alkyl, optionally mono or di- 

substituted, die substiments being independentiy selected 
firom 

(1) hydroxy, 
' (2) caiboxy, 
30 (3)-NR6R7. 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected firom F. Q, Br and I, 
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(c) -C(0)NR8R9, where Rs and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Cl.4a]kyl, said Cl.4alkyl 
optionally substituted by 
(1) hydroxy, 
^ (2) amino. 

(3) caiboxy. 

(4) -NRic^li 1, wherein Rio and Ri 1 are each 

independendy H, Ci-4alkyl, phenyl or benzyl. 

(5) -ORio. 

10 (6)-C(0)0Ria 

(7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected fitom F, CI, Br and I, 

(9) optionally substituted aryl wherein the aiyl and 

substituents are as defined above. 

OO) optionally substituted hetcroaryl wherein die heteroaiyl 
and substituents are as defined above, 

(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above. 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

^ wherein the hetero cycloalkyl and substituents are as 

defined above, 

(d) -C(S)NR8R9. 

(c) .COR9. 

(f) -C(0)0R9. 

25 (g) -C(S)R9. 

(h) phenyl. 

(i) cyclohexyl. 

such tiiat R4 is present only when side a is a siAgle bond and side b is a 
double bond. 

30 

Witiun tiiis genus is die class of compounds of die formulae 
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•^4 or ^^4 

wherein 

X is selected from CRl2Rl3> S(0)m and -N(Cl.4alkyl)-, 
Rl,R2. R3. Rl2 and Rl3 are each selected from the group consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) linear and branched C 1 .4alkyl or linear and branched C 1 - 
4alkoxy, wherein said CMalkyl or CMalkoxy is optionally 
mono or di- substituted the substituents being independently 

10 selected from 

(1) carboxy, 

(2) -NR6R7. wherein R6 and R7 are each 

indepoidently hydrogen or Cl-3alkyl, 

(3) -OR6. 

IS (4)-C(OX)R6. 

(5) -S(0)kR6. where k is 0, 1 or 2, 
with the proviso that one of R12 and Rl3 is other dian hydrogen, 
R4 is selected from the group cmsisting of 
(a) hydrogen, 

20 (b) -C(0)NHR9, where R9 is hydrogen or Cl.4alkyl, said Cl- 

4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRi(^i 1, wherein Rio and R n are each 

independently 
Ci-3alkyl. 

(5) -ORl0, 

(6) -C(0)ORia 

30 (7) -S(O)mRl0« where m is 1 or 2, 

(8) halo selected from F, Q, Br and I, 
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(c) -C(S)NHR9; 

(d) Ci-aalkyl; 

R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) Ci-3alkyl. 

In an alternative embodiment the invnedon is directed to 
1 0 compounds of the formulae 




wherein 

Xis -NCCi-aalkylK 
15 Ri, R2 and R3 are each independently selected from die group 
consisting of 

(a) hydrogen. 

(b) linear and branched Ci.4a]kyl. said Ci.4alkyl 

being optionally mono or di- substituted die substiments 
^ being independendy selected fam 

(1) caiboxy, 

(2) -NHR?, wherein R6 and R7 are each independendy 

hydrogen or Cl-salkyl, 

(3) -C,(0)OR6, and 

25 (4)-S(0)kR6.wherekislor2. 

(c) hydroxy, 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci.3alkyl; 

30 R5 is selected from die group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or C Malkyl. said 
Ci.4alkyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) caiboxy, 

(4) -NRioRi 1, wherein Rio and Rl l are each 

iidependendy 
Ci-salkyl, 
10 (5) -ORiO. 

(6) -C(0)ORia 

(7) -SRlO, and 

(8) -S(O)mRl0» where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NR8R9. 

(d) Cl-salkyl; 

^thin this embodiment is the genus of compound of the 

formulae 



N N 



20 ^4 



or 



wherein 

Xis -N(Cl.3a]kylK 
Rl and R2 are each selected from 
25 hydrogen or linear and branched Cl.4alkyl, said C].4a]kyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 
30 hydrogen or Cl^alkyl, 
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(3)-C(0)OR6, and 



(4) -S(0)kR6, where k is 1 or 2. 
R4 is selected from the group consisting of 



5 



(a) hydrogen, 

(b) Ci.3alkyl; 

R5 is selected from the group consisting of 



15 



(a) hydrogen, 

(b) -C(0)NHR9, where Rg is hydrogen or Ci-4alkyl, said 
C].4a]kyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1. wherein Rio and Ri i are each 

independently Cl-Salkyl, 

(5) -ORio. 

(6) -C(0)0Ria 

(7) -SRiaand 

(8) -SCOmRio, where m is 1 or 2, 

(9) halo selected from F, a. Br and I. 

(c) -CSNR8R9. 

(d) Ci-salkyl. 

Within diis genus are the compounds of the fonnulae 



hydrogen, hydroxy or Unear and branched Ci.4alkyl. said 
Ci.4a]kyl 




25 wherein 



Xis-N(Ci.3alkylK 

Rl is selected from the group consisting of 
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being optionally mono or di- substituted the substituents 
being independendy selected firom 

(1) caiboxy, 

(2) -NHR7> wherein R6 and R? are each independently 
S hydrogen or Ci.Salkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2. 
R2 is linear and branched CMalkyl, 

R4 is selected fmm the group consisting of 
10 (a) hydrogen. 

(b) Cl.3alkyl; 
R5 is selected from the group ccmsisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C Malkyl, said 
IS Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi 1, wherein Rio and Ri 1 are each 
20 indqwndently 

Ci-aalkyl, 

(5) -ORlO. 

(6) -C(0)ORiO. 

(7) -SRiO, and 

25 (8) -S(O)iiiRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNR8R9. 

(d) Ci-aalkyl. 
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Excmplifying the invention are the compounds of Examples 
1 through 161. 



10 



As appreciated by those of skill in the art, compounds of 
Fonnula I include those wherein there is a double bond at side a or b such 
as those shown in Fonnula h or lb or tautomeric forms thereof: 

fl1.R2.R3l' « R1.R2.R3N N'"» 



>4 



lb 

As also appreciated by those of skiU in the art. compounds 
of Formula 1 wherein or when two members of the group Ri, R2 and R3 
are joined together to form a ting are intended to include such formulae 
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wherein p is 0, 1« or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S. 

Similarly, compounds of Formula I wherein a member of the 
group Ri, R2 and R3 resides on an atom adjacent to the N on which R4 
S resides and forms a ring thnewith may be illustrated by: 

O'n'S 

wherein p is 0, 1 , or 2 and wherein the second ring may contain up to 
three heiero atoms selected from N, O or S 

10 In one pref ened aspect the compounds of the invmtion are 

of the formulae 



"""^Av-^ X^^v«. "'fX 



or "4 or R4 



wherein 

15 X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Ci.6alkyl, wherein said Ci-6a]kyl 
20 is optionally mono or di- substituted the substituents being 

independently selected fitom 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or Ci-Salkyl, 
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(3) -0R6, 

(4) -C(0)0R6. 

(5) •S(0)kR6. where k is 0, 1 or 2, 
(c) hydroxy, 

S (d) C].6aUa>xy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or Ci.3alkyl, said Ci- 
3aUcyl optionally substituted by 

10 (1) hydroxy. 

(2) amino, 

(3) carfooxy, 

(4) -NRioRi 1, wherein Rio and Ri 1 are each 

independoitly Ci-salkyl, 
15 (5) -ORIO. 

(6) -C(OX)RlO. 

(7) -S(0)inRia where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 

(c) -C(S)NHR9; 
20 (d) Ci-aalkyl; 

RS are eadi independently selected fiom die group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9. 
25 (d) -Ci.aalkyL 

In a second preferred aspect the compounds of the invention 
have cis stereochemistry at the ring junction and are of the fonnula 
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wherein p is 1 or 2, and 

R3 and the ring fonned by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
5 (2) caiboxy, 

(3) -NR6R7. where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl orCi.6aIIcyl. 

(4) -OR6, 

(5) -C(0)0R6. 
10 (6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-hWR7. 



15 Within this second preferred aspect are the compounds 

wherein 

R3 is selected from 

hydrpgen, hydroxy or linear and branched Ci.4a]kyl. said 
Ci.4alkyl. 

^ optionally mono or di- substituted the substituents being 

independently selected from 

(1) caiboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or Cl-salkyl, 
25 (3)-C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2; 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-aalkyl; 

30 R5 is selected from the groiq) consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci.4alkyl, said 
C].4alkyl optionally substituted by 

(1) hydroxy. 
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(2) amino, 

(3) carboxy, 

(4) -NRioR] 1, wherein Rio and Ri i are each 

independently 
5 Ci-salkyl. 

(5) -ORio. 

(6) -C(0)ORia 

(7) -SRio, and 

(8) -S(0)inRia where m is 1 or 2, 
10 (9) halo selected from F, CI. Br and I, 

(c) -C(S)NR8R9. 

(d) Ci-aalkyl. 

For puiposes of this specification alkyl is defined to include 
hnear, branched, and cyclic stractures, with Ci-6alkyl including metfiyl, 

15 ethyl, propyl, 2-propyl, s- and t-butyl. butyl, pentyl, hexyl, cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyL Similariy, Ci-6alkoxy is 
intended to uidude alkoxy groups of from 1 to 6 carbon atoms of a 
straight, branched, or cyclic configuration. Examples of lower alkoxy 
groups include methoxy, ethoxy. propoxy. isopropoxy. cydopropyloxy, 

20 cyclohexyloxy, and the like. Likewise. Ci^ alkylthio is intended to 
include alkylthio groups of ftom 1 to 6 carbon atoms of a straight, 
branched or cycHc configuration. Examples of lower alkyldiio groups 
include methyldiio. propylthio, isopropylthio, cycloheptyldiio, etc. By 
way of lUustration, the propylthio group signifies -SCH2CH2CH3. 

25 Heteroaiyl includes, but is not limited to fiiran.thiophene, 

pyrrole, isoxazole. isodiiazole, pyrazole, oxazole. thiazole, imidazole. 
1.23-oxadiazole. lA3-thiadiazole. lA3-triazole. 1.3,4-oxadiazole, 
U.4-dMadiaw)le. 1.3.4-triazole. 1.2,5-oxadia2ole. U.5-thiadiazole, 
pyridine, pyridazine^ pyrimidine. pyrazinc. U.4-triazine. 1.3,5-triazine 

30 and 2.4,5-tetrazine. 

As outlined in the summary of the invention, the compounds 
of the instant invention are useful for iii the treatment of a number of 
NOS implicated diseases. The implication of diese diseases is well 
documented m the literature. For exanqile. with regard to psoriasis, see 
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Ruzicka et. ed., J. Invest. Denn., 103: 397 (1994) or Kolb-Bachofen eu 
al. Lancet, 344: 139 (1994) or Bull, et al., J. Invest. Derm., 
103:435(1994); with regard to uveitis, see Mandia et. al. Invest 
OpthalmoL, 35: 3673-89 (1994); with regard to type 1 diabetes, see 
S Eisieik & Leijersfam, Diabetes & Metabolism, 20: 1 16-22 (1994) or 
Kroncke et. al., BBRC, 175: 752-8 (1991) or Welsh et al, Endocrinol, 
129: 3167-73 (1991); with regard to septic shock, see Pttios et. al., 
Lancet, 338: 1557-8 (1991).Thiemennann & Vane. Eur. J. Phaimacol., 
211: 172-82 (1992), or Evans et al, InSec. 1mm., 60: 4133-9 (1992), or 

10 Schilling et al, Intensive Care Med.. 19: 227-231 (1993); widi regards to 
pain, see Moore et al, Brit. J. Pharmacol.. 102: 198-202 (1991), or 
Moore et al, Brit. J. Pharmacol., 108: 296-97 (1992) or Meller et al, 
Europ. J. Phamutcol, 214: 93-6 (1992) or Lee er. al, NeuroReport, 3: 
841-4 (1992); witii regard to migraine, see Olesen et al. TIPS, 75; 149- 

15 153 (1994); with regard to rheumatoid arthritis, see Kaurs & Halliwell, 
FEBS Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadler 
et al, J. Immunol. 147: 3915-20 (1991); with regard to inflammatoiy 
bowel disease, see Milla et. al. Lancet, 34: 465-66 (1993) or Miller et 
al, J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma, 

20 see Hamid et al, Lancet. 342: 1510-13 (1993) or Kharitonov, et al. 
Lancet, 343: 133-5 (1994); with regard to Immune complex diseases, see 
Mulligan et. al., Br. J. Phaimacol., 107: 1 159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et al, PNAS, 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafuji et. al, Neurosci., 147: 159- 

25 62 (1992) or Buisson et al, Br. J. Pharmacol.. 106: 766-67 (1992) or 
Trifiletti et al. Europ. J. Pharmacol. 218: 197-8 (1992); with regard to 
toxic shock syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et al. Lancet, 344: 373- 
4 (1994); with regard to ulcerative colitis, see Boughton-Smith et al, 

30 Lancet 342: 338-40 (1993); and with regaid to atherosderosis, see White 
et al, PNAS. 91: 1044-8 (1994); with regaid to glomenilonephritis, see 
Mtihl et al, Br. J. Pharmcol, 112: 1-8 (1994); with regard to Paget's 
disease and osteoporosis, see Ldwick et. al. J. Clin. Invest.. 93: 1465-72 
(1994); with regard to inflammatory sequelae of viral infections, see 
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Koprowski et al, PNAS, 90: 3024-7 (1993); with regard to retinitis, see 
Goureau eu al., BBRC, 186: 854-9 (1992); with regard to oxidant induced 
lung injury, see Berisha et. at., PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., / Invest. Derm.^ 103:395(1994); with regard 
5 to acute allograft rejection, see Devlin, J. et al.. Transplantation, 58:592- 
595 (1994); and witii regard to infection caused by invasive 
microorganisms which produce NO, see Chen, Y and Rosazza, J.P.N., 
Biochem. Biophys. Res. Comm., 203:1251-1258(1994). 

The pharmaoeutical c<»np08itions of die present invention 
10 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, diereof, and may also contain a 
pharmaceutically acceptable carrier and optionally otiier theR4)eutic 
ingredients. The term "phaimaceutically acceptable salts'* refers to salts 
prepared from pharmaceutically acceptable non-toxic acids or bases 

15 including inorganic bases and organic bases. Salts derived from 

inorganic acids include aluminum, ammonium, calcium, copper, ferric, 
ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly prefmed are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from 

20 pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, substituted amines includmg 
naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, N,N.- 
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2- 

25 dimethylaminoethanol, ethanolamine, ethylenediaroine, N- 

etiiylmorpholine, N-etiiylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, morjrfioline, 
piperazine, piperidine. polyamine resins, procaine, purines, dieobromine, 
triethylamine, trintethylamine, tripropylamiiM, tromethamine, and the 

30 like. 

It will be understood that m die discussion of methods of 
treatment which follows, refermces to the conqwunds of Formula I are 
meant to also include tihe jrfiaimaceutically accqitable salts. 
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The phannaceudcal compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
5 Compositions intended for oral use may be prepared according to any 
method known to die ait fw die manufacture of pharmaceutical 
compositions and such conqxisitions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
10 pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture widi non-toxic pharmaceutically 
acceptable excipients which ate suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
1 5 phosphate; granulating and disintegrating agents, for example, com 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
add or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
20 gastrointestinal tract and diereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by die 
technique described in die U.S. Patent 4,256,108; 4,166,452; and 
4,265,874 to form osmotic tiierapeutic tablets for control release. 
^ F<Mniulation8 for oral use may also be presented as hard 

gelatin capsules wherein the active ingredient is mixed widi an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein die active ingredient is mixed widi water 
or an oil mediuni, for example peanut oil, liquid parafBn, or olive oil. 
30 Aqueous susprasions contain the active material in 

admixture widi excipients suitable for die manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
cari}oxymediyl-cellulo8e, mediylcellulose, hydroxy- 
piopylmcdiyccllulose, sodium alginate, polyvinyl-pyirolidone, gum 
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tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide 
5 widi long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condoisation products of ethylene oxide with partial esters 
derived from fat^ adds and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethyloie oxide with partial 
esters derived from fotty adds and hexitol anhydrides, for example 
10 polyethylene soibitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

IS Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyi alcohol. Sweetening agents such as those set forth 

20 above, and flavoring agoits may be added to provide a palatable oral 
prqwration. These compositions may be preserved by the additi<m of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by die addition of water provide the active 

25 ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those aheady mentioned 
above. Additional exdpients, for example sweetening, flavoring and 
colfxing agents, may also be i»esait 

30 The pharmaceutical compositions of the invraticm may also 

be in the form of an oil-in-water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or arachis oil, or a mineral oil, fax 
example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally-occurring phosphatides, for example soy beans, lecithin. 
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and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan monooleate, and condensation products 
of the said partial esters with ethylene oxide, for example 
polyoxyetiiylene sorbitan monooleate. The emulsions may also contain 
S sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in tiie 
10 form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using tiiose 
suitable dispersing or wetting agents and suspending agents which have 
been mentioned above. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a non-toxic parenteially- 
15 acceptable diluent or solvent, for example as a solution in 1 ,3-butane diol. 
Among tiie acceptable vehicles and solvents tiiat may be employed arc 
water. Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For dus purpose any bland fixed oil may be 
20 employed including syntiictic mono- or diglycerides. In addition, fetty 
adds such as oleic acid find use in die preparation of mjectables. 

Compounds of formula I may also be administered in die 
form of a suppositories for rectal administration of die drug. These 
compositions can be prepared by mixing die drug witii a suitable non- 
25 irritating exdpient which is solid at ordinary temperatures but liquid at 
die rectal temperature and wiU diercfore melt in die rectum to release die 
drug. Such materials are cocoa butter and polyediylene glycols. 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing die compound of Formula I ate employed. 
30 (For purposes of tiiis application, topical application shaU include moudi 
washes and gargles.) 

Dosage levels of die order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in die treatment of die 
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above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. Fbr example, inflammation may be effectively treated by 
the administration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day. or alternatively about 0.5 mg to about 
3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 

The amount of active ingredient that may be combined widi 
the carrier materials to produce a single dosage foim will vary depending 

upon the host treated and the particular mode of administration. Fbr . 
example, a formulation intended for die oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded widi an 
appropriate and convenient amount of carrier materia] which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms wiU generaUy contain between from about 1 mg to about 500 mg 
of an active ii^ent, typically 25 mg. 50 mg. 100 mg. 200 mg. 300 mg, 
15 400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg. 

It will be understood, however, that the specific dose level 
for any particular patient will depend i^on a variety of factors including 
the age, body weight, general health, sex, diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
severity of die particular disease undeigoi^g therapy. 



10 



20 
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Assay Protocol for NOS activity 

NOS activity is measured as the fonnation of L-[2,3t4,5- 
3H]CitnilliiiefiomL-[23AS-3H]Arginiiie. Hie incubation buffer (100 

S |iL)contained; 100mMTES.pH7.S.S|iMFAD,SHMFMN, lO^M 
BH4. 0.S mM NADPH, 0.5 mM DTT. 0.S mg/mL BSA. 2 mM CaC12. 10 
Hg/mL cabnodulin (bovine), 1 L-Arg, 0.2 ^Ci L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. S %). The reaction is initiated 
by addition of enzyme. Incubadons are performed at room temperature 

10 for 30 minutes and stopped by the addition of an equal volume of 
quenching buffer consisting of 200 mM sodium citrate, pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
Percent inhibition is calculated relative to enzyme incubated without 

IS inhibitor according to: % inhibition s 100 x (cpm L-[23.4,5-3H]Cit with 
inhibitor / cpm L-[2,3,4,S-3H]Cit widiout mhibitor). 



Illustrative of the utility of the compounds of Formula I is 
die ability of such con^unds to inhibit NO synthase as shown in Tables 
20 1-5 and as measured by the assay described above: 
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TABLE2 

CVn(H)R6 
N 



R5 


% inhibition 
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TABLE3 
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TABLE8 



Stereochemical Preferences for NQS Inhibition 
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Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature but none are reported to be 
inhibitors of NO Synthase. In one method outlined in scheme 1 and 
5 illustrated m Example 2, the compounds are prepared by reacting a 
cyclic iminoether with an appropriate amine or its salt such as a 
hydrochloride, hydrobromide, sulfate, alkyi sulfonate, acetate etc at a 
temperature between 0-100 oC. The required intermediate iminoether 
substrates can be prepared by O-alkylation of the corresponding lactam 

10 by reagents such as methyl tiifluoromethanesulfonate. trimethyloxonium 
fluoborate, mediyl sulfate etc. Other methods for preparation of 
iminoether known in the art of organic synthesis may also be employed. 
Many of the lactam starting materials are commercially available or they 
can be obtained by Uterature procedures. One useful method for die 

15 preparation of substimted lactams is illustrated in example 1 . 

SCHEMR1 

(R1.R2.R3) (R1.R2.R3) 



(1 



N'^O MeOTf ^N^OMe 



(R)2NH.HCI 



(Rf,R2,R3) 

I 

R 

20 

Another method for preparing compounds of this invention 
is shown in scheme 2. In diis method a diiolactam is first reacted with an 
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alkylating agent such as methyl iodide or methyl sulfate and the resulting 
iminothioethcr salt is reacted with an amine to furnish the desired 
amidines. The tfaiolactam substrates for this pn)cess are known in the 
Uterature or they can be prepared from the corresponding lactam by 
treatment with reagents such as P5S5 or Lawesson's reagent (2,4-bis(4- 

inedioxyphcnyl)-l,3-dithia-2,4-diphosphctane-2.4-di8ulfide) as mustraled 
in example 3. 



Alternatively, the cyclic amidme compounds may also be 
synthesized from acycUc precursors as described by Garigipad (Tet Lett 
15 21. 1969-1972 (1990) ). In diis method (Scheme 3) an amino nitrile is * 
converted to an aluminum amide by reaction with an alkylaluminum 
reagent such as trimethylaluminum and in situ cydization of this 
intermediate furnishes the desired amiduies. 



SCHEMP^ 




a. Mel 

b. RNH2 
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(RiiRatRg) (RifRaiRa) 
NH N'^NH 

I I 

R4 R4 

5 Alternatively, the cyclic amidine compounds may also be 

synthesized from substituted or unsubstituted 2-aminopyridines by the 
method of Freifelder (M. Freifelder, R. W. Mattoon, Y. H. Ng, J. Org. 
Chem.. 29, 3730-3732 (1964)) employing catalytic hydrogenation under 
acidic conditions (Scheme 4). The addition of acid during the 
10 hydrogenation is important (T. B. Grave, / Am. Chem. Soc. 46, 1460-1470 
(1924)) 



(Rifl^iRs) (Ri.R2tR3) 
|^^|^ Ha. catalyst j^/j^ 



15 ^ " H 



Cyclic amidines may also be prepared from acyclic 
precursors as shown in scheme 5 and demonstrated in example 6. Thus, a 
Michael addition of a nitroalkane to an aciylate ester by the method of 
20 Bunce and Dcumright {Org. Prod. Prep. Ira. 19, 471-475 (1987)) leads to 
an ester of 4-nitrobutyric acid. Reduction of the nitro group and 
cyclization gives-a lactam wiiich is converted to an amidine by the 
procedures described in scheme 1 or 2. 
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SCHEMK5 



R, ^ NO. H^PtO,.50p.t W 

COOR. °^ ^-^H^ «*-^N^C 



Ra R 
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a.M«,0BF4 

R2 «1 



Many cyclic amidines claimed in this specification can have 
5 stereoisomers and such individual stereoisomers may be prepared from 
chiral lactams. Numerous methods for the synthesis of stereochemically 
pure lactams have been described m literature. One such method using 
amino acids as starting materials is described by Reetz and Rohrig 
(Angew. Chenu Int. Ed. Engl 28. 1706-1709 (1989)) and is shown in 
10 schemed. The key feahire of this procedure is the stereospecific addition 
of organometallic reagents to an unsaturated ester and the reversal of the 
stereoselectivity with an unsaturated malonate, thus allowing synthesis of 
two diastereomers from the same aldehyde intermediate. 
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Scheme 6 



R,^ ^CO^ 3 



HHt 



R^^CHO (BO)aPOCH|CQ^ 
N(CH2Ph)2 



(C»V^)^ COgMe 



MejCuU 



Me 



(CH2ph)2N COjMe 



N(CH2Ph)2 



MsaCuU 



N(CH2Ph)2 



a.H2.Pd 
b. 



a. Add 
b. 



I 

H 

(4R.58) 



(4S^ 



5 

Synth^c methodology also exists for the preparation of 
chirally substituted 2-imino-piperidiiies. As shown in Scheme 7, addition 
of organocuprates to the O-reit-butyldimediylsilyl-protected (S)-(-)- 
5(hydroxymediyl)-2(SH)-fuianone derived from A (available fiom 
10 Aldrich Chemical Co., Milwaukee, WI) will yield stereoisomer £ (S. 
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Hanessian and P. J. Munay. Tetrahedron , 43, 5055-5072 (1987)). 
Deprotecdon of £ yields the ftec alcohol D which is converted to lactam £ 
by described methodology (C. Heideis and D. Waibel, Arch. Pharm. 
(Weinheim) 1991. 324, 269-274). Treatment with Meerwien's salt foUowed 
5 by reacti<»i with anmionium chloride in refluxing ethanol yields chiral 2- 
imino-piperidines I and X Other substituents and substitution patterns are 
available by analogous chemical manipulations from described 
intermediates (S. Hanessian, Aldrkhimica Acta 22, 3- 15 (1989)). 

0 SCHRMR7 




Another method for the synthesis of chiral amidines is 
shown scheme 8. This synthesis utilizes commercially available 
15 individual enantiomers of citronellic acid that allow preparation of chiral 
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2-iminopiperidmes. Treatment of methyl citronellate with ozone and 
further oxidation of the intermediate gives an acid which was used in a 
Curtius reacti(Mi to furnish A upon reaction with benzyl alcohol. 
Hydrolysis, cyclization and removal of the Cbz group of A leads to a 

5 chiral lactam (B) and reaction of B with trimethyloxonium fluoroborate 
followed by NH4Q as detailed in sdieme 1 furnishes a cyclic amidine. 
Citronellic acid is also a useful starting material for chiral 5-methyl-2- 
iminopiperidines as shown in scheme 9. In this case citronellic acid is 
first subjected to the Curtius reaction to give a protected amine (C). 

10 Cleavage of the double bond of C by ozone and further oxidation directiy 
leads to D and tiiis lactam is converted to an enantiomerically pure 
amidine in 3 steps. 



SshEmfi^ 



15 




fV^itranene 
add 



a. NaOH 

b. aCOjEt, E%N 

c. 110"C 

d. »VPC(0H)2 




Me 
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Schgmg 9 




(PhO)2PON3 



CObH 



R-CHranelle 
add 



b-PhCHgOH 



Ma 



a Ha. Pd(OH|^ 



b. MajOBF. 




a. Q,.CH^ 

b. Jonas 



V^Cbi 



o 

0 



10 



Citronellic acid can also be used in the synthesis of chiral 
4,5-disubstitutcd 2-iminopiperidines as shown in shown in scheme 10. 
This method relies on stereoselective alkyktion using the oxazolidone 
chiral auxiliaiy developed by Evans (7. Amer. Chem. Soc. 104, 1737- 
1739 ( 1982)) and the product is then conveited to E. Ozonolysis of the 
double bond of E and cydization of the resulting aldehyde gives F. 
Treatment of F witfi ozone foUowed by further oxidation gives an amino 
acid which is cyclized to a chiral hwtam (G). Usual tiansfoimation of G 
furnishes cyclic amidine. 
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Scheme 10 




F 

S-Citiorailic ^ 
add 




5 

The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 

All operatioDs were carried out at room or ambient 
10 temperature, dut is, at a ten^rature in the range 18-25X; evaporation of 
solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.S-30 nmi. Hg) with a bath tempeianire of up to 
60''C; the course of reacd(»s was followed by thin layo* chromatography 
(TLC) an. eaction times are given for illustration only; melting points 
15 are unconccted and 'd' indicates decomposition; the melting points given 
are those obtained for the materials prepared as described; polymorphism 
may result in isolation of materials with different melting points in some 
preparations; the structure and purity of all final products were assured by 
at least one of the following techniques: HX, mass spectrometry, 
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nuclear magnetic resonance (NMR) spectrometry or microanalytical data; 
yields are given for illustration only; when given, NMR data is in the 
form of delta (5) values for major diagnostic protons, given in parts per 
million (ppm) relative to tetrametbylsilane (JhAS) as internal standard, 
5 determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t triplet; m. multiplet; hr. broad; fit.: in addition "Ar" signifies 
an aromatic signal; chemical symbols have dieir usual meanings; die 
following abbreviations have also been used v (volume), w (weight), b.p. 
10 (boiling point), m.p. (melting point), L (liter(s)). mL (milliliters), g 
(gram(s)), mg (milligrams(s)), mol (moles), mmol (millimoles). eq 
(equivalent(s)). 
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EXAMPLR 1 

a"* 

3-Methvl-2-piperidfine 

5 

2]fiBA l-(1.2-diphenvl-2-hvdroxvWhvl-3-methvlpiperidine. 

A mixture of 1.96 g (10 mmoles) of commercially available 
trans-stilbene oxide and 990 mg (10 mmoies) of 3-methyl piperidine was 
10 heated one day in refluxing ethanol. The solvent was then removed in 
vacuo to give the desired amino alcohol in quantitative yidd. 

SISI2L& l-(1.2-diDhenvl-2-hvdroxvVsthvl-3-meth vl-2-niperidone A 

l-fl.2-diphenvl-2-hvdroxv^thvl-S-methvl-2-piperiHnT«-. 

15 

A mixture of the cnide amino alc(riiol(10 mmoles) from step 
A, 6.39 g (20 mmoles) of mercuric acetate and 7.5 g (20 mmoles) of 
ethylene diamine tetraacetic acid disodium salt in 80 mL of 1 % acetic 
acid in water was heated to reflux 1 .5 hrs. After cooling the reaction 

20 mixture, methylene chloride was added and the mixture was swirled 
around to dissolve all organic matter. The organic and aqueous layers 
were decanted fitom the shiny metallic mercury by-[Moduct. The aqueous 
layer was separated and extracted further with methylene chloride. The 
combined organic layers were washed with water and saturated sodium 

25 chlcMide solution. Afto* drying over anhydrous magnesium sulfate, 

solvent was ranoved to give a brown crude product, which was puridfied 
on silica gel using 1:3 ethyl acetate and hexane mixture to give 639 mg of 
l-(1.2-diphenyl-2-hydroxy)ethyl-3-methyl-2-piperidone and 1.5 g of 1- 
(l,2-diphenyl-2-hydroxy)ethyl-5-methyl-2-piperidone. 

30 



SSS^ l-(1.2-diphenvl-2-o«oWhvl-^-methvl-2-piperidfine 
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0.7 mL of 8N Jones reagent was added diopwise to an ice- 
cooled solution of 620 mg (2 mmoles) of l-(l,2-diphenyl-2- 
hydroxy)etfiyl-3-methyl-2-piperidone in 10 mL of acetone. The reaction 
mixnire was then stirred one hour. 1 mL of isopiopyl alcohol was added 
5 and the mixture was stirred 10 minutes. The solvent was then removed ii 
vacuo. The residue was stirred widi water and ethyl acetate until all 
solids dissolved. The aqueous phase was separated and extracted with 
ethyl acetate. The combined ethyl acetate phases were washed with 
water and saturated sodium chloride solution. After drying over 
1 0 anhydrous magnesium sulfote, the solvent was removed in vacuo to 
afford the desired lactam ketone as foam in quantitative yield. 

Step D; ^MftW-^- pip ftrf^ ft nC 

A mixture of 550 mg (1.8 mmoles) of l-(l,2-diphenyl-2- 
oxo)etiiyl-3-methyl-2-piperidonc and 715 mg (1 1 mmoles) of zinc dust in 
8 mL of glacial acetic acid was heated to reflux for 1 day. The mixture 
was cooled and filtered and die solids washed witii ethyl acetate. The 
filtrate was concentrated to -5 mL. 25 naL of toluene was added and die 
20 solvents were removed m vacuo. The residue was dissolved in ethyl 
acetate and made basic witii cautious addition of concentrated ammonium 
hydroxide. The initiaUy formed precipitate dissolved upon further 
addition. After stining 10 minutes, anhydrous magnesium sulfate was 
added in excess. After 20 minutes, the solids were filtered and washed 
25 widi etfiyl acetate. The filtrate was concentrated to give a residue which 
was purified on silica gel using 1 : 1 mixture of etiiyl acetate and hexane 
first and then using 10% medianol in etiiyl acetate to give 148 mg of 3- 
mediyl-2-piperidone as fluffy solid. 

30 iH NMR(CDa3): 3.3 (m, CH2N); 2.48 (m. CH2C=0); 1.45-2.0 (m, 
CH2*s); 1.24 (d. CH3); 5.95 (b.NH) 

Following die above procedures, die following lactams were synthesized: 
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5-Methvl-2-pipcridnngr 

iH NMR(CDa3): 3.3 & 2.92 (m, CH2N); 2.35 (m, CH2OK)); 1.4-2.0 
(m, CH2'8); 1 .0 (d, CH3); 6. 1 (b Jffl) 

5 

4-Methvl-2-piperidQng; 

iH NMR(CDa3): 3.35 (m, CH2N); 2.48 & 2.8 (m, CH2CO); 1.35-2.04 
(m, CH2's): 1.04 (d. CH3); 6.05 (bJIH) 

10 

4-PropYl-2-piip6ridimfii 

iH NMR(CDa3): 3.32 (m, CH2N); 2.5 & 1.98 (m, CH2C=0); 1.25-1.95 
(m, CH2's); 0.90 (t, CH3); 6.1 (b,NH) 

15 

5.5-Diinethvl-l-pip^rinni.. 

iH NMR(CDa3): 3.01 (s. CH2N); 2.38 (t, CH2C=0); 1.60 (t, CH2); 
1.04(s,CH3's);6.1(b.NH) 

20 

3.5-Diinethvl-2-pip«»riHniw 

iH NMR(CDa3): 3.3 & 2.9 (m, CH2N): 2.52 (m. CHC=0); 1.56-2.1 
(m. CH2's); 1.0 & 1.28 (d. CH3's); 5.95(bjm) 

25 

4-Ben2vl.2-|Mpgridnni.^ 

iH NMR(CDa3): 3.3 (m, CH2N); 2.62 (m, CH2GK)); 1.35-2.48 (m, 
CH2's); 7.1-7.^ (m. Aromatic); 6.05 (b.NH) 

30 

4.EthoTvcafhoi»vl-9.pip«^^^ny; 
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iH NMR(CDC13): 4.16 (q; CH2O); 3.35 (m, CH2N); 2.60 (d. 
CH2C=O);2.80 (CHCOOEt); 1.82-2.16 (m. CH2s); 1.24 (t, CH3); 6.58 
(bjffl) 
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1.2.3.4-Tetrahvdro-l-auinolone! 

iH NMRCCDQa): 3.6 (t, CH2N);3.0 (t. CH2); 7.2-8.05 (m. Aromatic); 
6.6(b,NH) 

4-Ethoxvcarhonvl.2-piperi2inonc; 

iH NMR(CDC13): 4.26 (q, CH20);4.12 (s. NCH2Os0); 3.38 & 3.66 (b, 
CH2's); 1.26 (t, CH3); 6;66 (b, NH) 



l-Aza-2-methoxv- 1 ^clnnnnwift 

Trimethyloxonium tetrafluan^Kicate (750 mg; 5 mmol) was 
added in one portion to 2-azacydononanone (700 mg; 5 mM) in 10 mL 
of anhydrous methylene chloride. The resulting mixture was stirred 
overnight at room temperature. The next monungl0% Sodium 
bicarbonate solution was cautiously added to neutralize fluoroboric acid 
and the mixture was then diluted with 20 mL of ethyl acetate. The 
organic layer was separated and the aqueous layer was extracted with 
ediyl acetate. The combined organic layers were washed with 10% 
sodium bicarbonate solution and widi brine. After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated to remove the 
solvents. The residue was taken up in hexane and filtered through a small 
bed of wet silica gel in hexane. The filtrate was concentrated to give 320 
mg of the desired l-aza-2-methoxy-l-cyclononrae. 




iH NMR: 3.52 (s. OCH3). 3.36 (m. CH2N=), 2.24 (m. N=C-CH2); 1.3- 
1.7(m). 
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The foUowing iminoetliers were synthesized accoiding to the above 
general procedure. In the case of low molecular weight imino ethers 
such as l-a2a-2-methoxy-l^clopentene and its methyl analogs. l-a2a-2- 
5 methoxy-l-cyclohexene and its methyl analogs, it was necessary to use 
low vacuum to remove the solvents in oider to leduce die loss of these 
^^^P^A'cts. All iH NMR's are reported as 5 values and were 

10 l-Aza-2-methoxv. 1 ^yrlftp^mpn^.. 

iH NMR: 3.72 (s. OCH3). 3.58 (t, CH2N=),2.36 (t. N=C<ai2). 1.94 
(m). 

1^ l-Aza-2-mftthOTV-^.mi>thY|-l ..cvcTnrff nTynft- 

IHNMR: 3.7 & 3.73 (2s. OCH3). 3.85 (m, CHN«). 2.38 (m. 
N=C-CH2); 2.14(m) & 1.42(m)(2H). 1.12 (d. C-CH3). 

20 l-Aza-2-mefhoxv.^.nii^^Yl-l-f vcl"p^t ftnft- 
2.58 (2m, N=C-CH). 1.40 (m). 1.16 (d. C-CH3). 



25 l -Azar2-mftthoxv- 1 -cvrJnh f ^^^ n^.. 

&*1 «^)^*^^ OCH3). 3.40 (m, CH2N»). 2.08 (m. N=C-CH2). 1.48 
^0 l-A2a-2-mftthoxv.3-nw.fhY|-|- pvelohAT^^ . 

17^^; l^lt^^^' ^'^^ ^"2N=:). 2.25 (m. N=C<M2). 1.34- 
1.74(m). 1.13 (d, C-CH3). 



W09M4844 



PCr/IIS9Sn4812 



10 



15 



20 



25 



-68- 

1 . A7.a.2-methQxv-4-methvl- 1 -cvclohexenc: 

iH NMR: 3.54 (s, OCH3). 3.29 (m, CH2N=). 2.15 (m. N=C-CH2). 1.56- 
1.66 (m). 0.86 (d.C-CH3). 

l-A2a-2-methn«v-4-pronvl-1-cvclohexeiie: 

iH NMR: 3.52 (br, OCH3). 3.30 (m. CH2N=). 2.16 (m. N=C-CH2). 
1.20-1.64 (m), 0.80 (t. C-CH3)- 

l-Aza-2-methoxv-S-methvl-l-cvclohexenc: 

iH NMR: 3.60 (b. OCH3). 3.58 & 2.% (2m, CH2N=), 2.20 (m, 
N=C-CH2), 1.32-1.77 (m). 0.92 (d, C-CH3). 

l.Aza-2-niethoxv-S.5-dimethv1-1.cvclQhcxene: 

iH NMR: 3.62 (b. OCH3). 3.17 (s. CH2N=), 2.16 (t. N=C-CH2). 1.47(t. 
CH2),0.90(s.C-CH3). 

l-Aza-2-niethoxv-3J.dimethvl-l-cvclohexene: 

iH NMR: 3 J2 (s, OCH3). 2.86 (m. CH2N=:), 2.32 (m. N=C-CH2), 1.46- 
1.72 (m, CH2), 0.86(s, C-CH3) 1.09 (s. C-CH3). 



l-A2a-2-nietlioxv-4-ben2vl-l-cvclohexene: 

iH NMR: 3.61 (b, 0CH3). 3.36 (m. CH2N=:). l.l-2.6(m). 

30 1 . A«i-2-inethoxv.1 -cvdoheptene: 

iH NMR: 3.34(s, OCH3). 3.26 (m. CH2N=). 2.23 (m. N=C-CH2). 1.37- 
1.60(m). 
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l-Aza-2-inethoxv-l-cvclnncteng; 

iH NMR: 3.56 (b. OCH3), 3.34 (m. CH2N=). 2.24 (m, N=C-CH2). 1.3- 
1.6(m). 

5 

3.4-Dihvdm.2.m>.th»TYqninftlinfi 

iH NMR: 6.9-7.1 (m, aromatic H). 3.78 (s, OCH3), 2.32 (t, CH2N=), 
2.73(t.N=C-CH2). 

10 

3A5.6-Tetrahvdnv4-^thoxvcflrhnnyl-2-methn«v-pvni^inff; 

iH NMR: 4.15 (q, 2H). 3.90 (s, 2H), 3.65 (s. OCH3). 3.42 (m. 2H). 2.50 
(m,2H).1.22(t.3H). 

15 



2-Imlno-1-a7arvrlnnmiflne hvdmrh,i^^^ 

A mixture of l-aza-2-methoxy-l-cycIoiionene (62 mg; 0.4 
mmol) and ammonium chloride (20.5 mg; 0.4 nmiol) in 1 mL of 
25 anhydrous cthanol was heated to reflux for 3 hours. The solvent was then 
removed in vacuo and the residue was triturated with Et20 to give ahnost 
a quantitative yielcl of 2-imino-l-azacyclononane hydrochloride as an 
amorphous solid. 

30 IH NMR(CDa3): 8.7. 9.0 & 9.6 (3 brJWs). 3.4 (m. CH2N). 2.7 (m, 
CH2ON). 1.5-2.0(m). 
Mass Spectrum m/e = 141 



EXAMWFl 




20 
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Note: In some cases a slight molar excess (5 - 10%) of the iminoether 
was used. The woikup was effected by triturating the residual product 
with ethyl acetate or Et20. In specified cases the products were obtained 
S as thick oils. 

The following cyclic amidines (Exanq)les 4-42) were 
synthesized according to the above genoal procedure by en^>loying an 
appropriate iminoether instead of l-aza-2-methyl-l-cyclononene and 
10 appropriate amine hydrochloride instead of ammonium chlcxide. All 
NMR's are reported as 5 values. 



15 



EXAMPLE 4 



'NH HQ 



l-Aza-2-imino-cvclonentane hydrochloride! 

20 iH NMRCCDQa): 9.44. 9.13 & 8.77 (3br, N-ITs). 2.88 (t. CH2N), 2.88 
(t,CH2C=N).2.10(m). 
Nfass Spectrum m/e s 85 (M-t-1). 



25 EXAMPfR^ 

rC 

Jj^NH Ha 

l-Aza-2-imino.3-mefhvlcvclopeiitflnehvdroch1oridg! 

30 
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iH NMR(CDC13): 9.48. 9.1 & 8.82 (3br, N-H's). 3.6-3.2 (m. CH2N). 
2.36 (t, CHC=N), 1.80 (m), 1.42 (d. C-CH3). 
Mass Spectrum volt = 99. (M+1). 



EXAVfPLR6 

CHs'^^^NH Ha 

10 l-Aza-2-iinino-5.methvlrYr|opentam»hydrnri||ffrit|ff; 

iH NMR(CDa3): 9.5, 9.18 & 8.78 (3br. N-H's). 4.06 (t. CHN); 3.04- 
2.92 (m, CH2C=N). 2J5 (m. CH2). 1.32 (d.CCH3). 
Mass Spectrum m/e = 99 (M+l). 

15 



EXAMPfR? 
(j^lj.CHj HCI 

20 

l-Aza-2-mcthvlamino-l.cvclopenten^ hvdrochlnriA.- t^w 

IH NMR (CDQa): 10.1 & 10.03 (2br. N-H's). 3.66 (b. CH2N). 3.08 (d. 
N-CH3). 2.91 (t. CH2C=N). 2.12 (m). 
25 Mass Spectrum m/e s 99 (M+l). 



EXAMPT.KK 
.CaHs Ha 

30 B 
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l-A2a-2-ethvlamino-l-cvclopenteiie hydrochloride: fain 

iH NMR (D6-DMS0): 10.13 & 9.9 (2hr. N-H's), 3.7 (m, CH2N), 3.58 
5 (m, N-CH3). 2.96 (m. CH2C=N), 2.12 (m), 1.28 (t. CX:H3). 
Mass Spectnim m/e = 1 13 (M-i-1). 



l-Aza-2-ben2vlanimo.l-cvclopisntene hydrochloride! 

15 lHNMR(D6-DMSO): 10.16 (brJ^-H's). 7.3-7.4 (m. aromatic H's), 4.54 
(s, CH2Ph). 3.56 (t. CH2N). 2.84 (t. CH2C=N). 2.06 (m). 
Mass Spectrum m/e = 175 (M+l). 



l-Aza-2-cycloheicv1afninn-1-rvr1ftpenteiie hydrochloride. 

25 

iH NMR (D6-bMS0): 9.8 & 9.5 (2br. N-H's). 3.55 (t, CH2N). 2.78 (t, 
CH2C=N). 2.04 (m), 1.2-1.88(m). 
Mass Spectrum m/e = 167 (M+1). 



EXAMPLE 9 




EXAMPLE 10 




30 



EXAMPLE 11 
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" O HO 

l-Aza-2-methoxvcarhonvlincthvliimino-l-cvclopentenchvdmchlnride- 
5 (oil) 

iH NMR (D6-DMS0): 10.0 (br, N-H's), 4.25 (s. -NCH2COOMe). 3.7 
(s. C00CH3). 3.6 a CH2N). 2.86 (t, CH2C=N). 2.1(m). 
Mass Spectnim m/e s 157 (M+1). 



10 



15 



EXAMPLE 12 

HCi 

l-Aza-2-(f3.4-dihvdroxvnhenvlWhvl^min o-l.cvclopentene 
hydrochloride; 



iH NMR (D6-DMS0): 9.5 (b.N-H's), 6.46-6.76 (m. aromatic H). 3.54 (t. 
20 CH2). 3.36 (t, CH2), 2.74 (t. CH2). 2.02(m). 
Mass Spectnim m/e » 221 (M+1). 



EXAMPLRn 

25 



l-Aa-2.2-<liiiieaivlaiiiino-l-cvclnpwitw». hvdmchlnriite. 
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iH NMR(CDC13): 1 1.24 (b, N-H's), 3.8 (t, CH2N), 3.4 (s, N-CH3), 3.16 
(t. CH2C=N). 2.86 (t, CH2), 2.2(iii). 
Mass Spectrum m/e =113 (M-i-l). 

5 

EXAMPLE 14 
^^^NH HO 

10 

2-IininoDineridine hydrochloride 
Commocially available sample was used. 

15 

EXAMPLR15 

a. 

20 l-Aza-2-mctlwlamiiio-l-cvclohexenehvdrnchiftriHi.; 

iH NMR(D6-DMS0): 9.3 & 9.22 (2br. NITs), 3.30 (m, CH3). 2.78 (d, 
CH3), 2.52 (m, CH2C=N);1.70(m). 
Mass Spectnim m/e = 1 13 (M+1). 

25 

EXAMPLE 16 
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l-Aza-2-ethvlaininn- 1 -rvrlr^hexene hvrimrh^^ri||f . 

iH NMR (D6-DMS0): 9.3 (br, NH's), 3.28 (m. CH2N) 3.20 (m, CH2N). 
2.5 (m. CH2C=N), 1.20 (t. CH3). 
Mass Spectnim m/e = 127 (M-f 1). 



10 



EXAMPLR 17 



a 



^^^,CH3 HCI 



l-A2a-2-dimethvlamino-i -cvcinhi.»^n^ hYflnrrhliTriTlr 

15 IH NMR (CDCI3): 10.7 (br. NH's). 3.60 (m. CH2N). 3.40 & 3.12 (2s. 
CH3). 2.63-2.52 (m. CH2). 1.85-1.77 (m). 
Mass Spectrum m/e « 127 (M-t-1). 



20 EXAMPTR 1« 



25 



a 



CHs 
U'^NH HQ 



2-Imino-3-methvlpipprir^jnehvHrr^h|ftri^ff; 

iH NMR (D6-DMS0): 9.5 & 8.6 (2br,NH's). 3.25 (m. CH2N). 2.7 (m. 
CHG=N). 1.4-1.9 (m). 1.25 (d. CH3). 
Mass Spectrum m/e =113.1 (M+1). 



30 



VfO 96114944 
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-76- 
EXAMPLE 19 




NH HQ 



S 2-IminQ-4-methvlpiperidine hydrochloride: 

iH NMR (D6-DMS0): 9.5, 8.68 & 8.35 (3br, NH's), 3.24 (m, CH2N), 
2.55 & 2.15 (m, CH2C=N). 1.35-1.85 (m). 0.96 (d,CH3). 
Mass Spectrum m/e = 1 13 (M+l). 



EXAMPLE 20 




2-Iinino-4-Dropvlpiperidine hvdrochloridg! 

iH NMR (D6-DMS0): 9.5 & 8.7 (2br, NH's). 3.22 (m. CH2N), 2.6-2.16 
(m. CH2C=N), 1.3-1.8(m), 0.85 (t, CH3). 
Mass Spectnim m/e » 141 (M+l). 



EXAMPLE 21 




WOMn4M4 PCTABM/14812 



.77- 



2-IminO-4-hen2vlpineririini. hvdmrh^/iri^ff; 

IH NMR (Dfi-DMSO): 9.54. 8.64 & 8.36 (3br. NH's). 7.15-7.35 (m 
aromatic H). 3.35 & 3.2 (m. CH2N), 2.6(m. CH2C=N). 1.4-2.06(m) ' 
Mass Spectrum m/e = 190 (M+1). 



(j'^NH HCI 

2-ImilKh^inf thvlpinerirtifie hvr^r^hlffritllT- 

1. .^.T^^t'^'^^^^* 9-5.8.7A8.4(3br.NH's),3.3&2.8(m.CH2N). 
15 2.55 (m.CH2C=N), 1.3-1.8 (m), 0.92 (4 CH3). 
Mass Spectrum m/e s 1 13 (M+1). 



10 



20 



25 



U'^NH HCI 



2-Imino-5 h vd»»chinri^. 

^^n^^^^^°^^ 9.5 & 8.4 (2br. NH's). 2.95 (s. CH2N), 2.52 (t. 
CH20=N). 1.48 (t. CH2). 0.92 (d, CH3). 
Mass Spectrum m/e = 127 (M+1). 



30 



EXAMPrK24 



WOM/14S44 



PCTAI89Sn4812 



-78- 



S-Him^thvlpiperidine hydrochloride: 

5 

iH NMR (D6-DMSO): 9.45, 8.7 & 8.5 (3br, NH's). 3.32 (m, CH2N). 
2.64 (m, CHC=N), 1.6-2.22(m). 
Mass Spectrum m/e =113 (M+l). 



15 1-Azfl-2-iminocvcloheptane hvdriochloride: 

iH NMR (CDa3): 9.5. 9.0 & 8.45 (3br,NH's), 3.4 (m, CH2N), 2.75 (m. 

CH2C=N). 1.4-1.8(m). 

Mass Spectnim m/e = 127 (M+1). 



25 

IH NMR (CDa3): 10.0 & 9.5 (2br. NHs). 3.50 (m, CH2). 3.0 (d, CH3). 
2.8 (m, CH2C=N), 1.6-1.84(m). 



10 



EXAMPLE 25 




20 



EXAMPLE 26 




W09M4M4 



PCT/D»S/14812 



-79- 



Mass Spectnim m/e s 127 (M+1). 



EXAMPLK n 



5 




0^ HQ 



l-A2a-2-ethvlam;^^|.cvclnhgpf#>ni» fivdrochloride- fnin 

10 iH NMR (CDQa): 9.8 & 9.54 (2br. NITs). 3.52 (m. CH2). 2.85 (m. 
CH2C=N). 1.70 (m), 1.3 (t,CH3). 
Mass Spectnim m/e s 141 (M+1). 



l -Aa-2-dimethviamino-l-rvrlohenfeni> hvHmo^i^^ 

20 

iH NMR (CDa3): 3.65 (m. CH2N). 3.42 & 3.25 (2s. CH3). 2.72 

(m.CH2). 1.6-1.85(m). 

Mass Spectrum m/e = 141 (M+l). 



15 



EXAMPf.P9H 




25 



EXAMPTF^Q 



WOMa4844 



PCT/U»Sn4S12 



-80- 




1 - 1 -cvclnhapt ene hvdrnch1nrirfi>; 

5 1h NMR (D6-DMSO): 9.9 & 9.6 (2br, NH's), 7.4 (m, aromatic H), 4.48 
(b. CH2), 3.45 (m. CH2N). 2.76 (m. CH2ON), 1.5-1.75 (m). 
Mass Spectrum m/e = 203 (M+1). 



10 EXAMPTRin 

l-Aza-2-CYClohfiXVlamino-l-cvrlnhi.pti.pehvdmrhlnr.^ff 

IHNMR (D6-DMSO): 9.2 (br. N-H's), 3.38 (m, CH2N). 2.68 (t. 
CH2C=N), 1.1-1.88 (m). 

Mass Spectnim m/e s 195 (M+l). 

20 

EXAMPT.P ^1 
C«^NH HCI 



25 l-A2a-2-iminocvclooctflii«> hy driochlnriA.; 



W>9</1«44 PCr/OS9S^14812 



-81- 

iH NMR (CX03): 9.6, 9.0 & 8.7 (3br. NH's). 3.45 (m, CH2N). 2.7 (m, 

CH2C=N). 1.5-2.0(m). 

Mass Spectnun m/e = 127 (M+l). 

5 

EXAMPTR^? 




10 l-Aza-2-methvlaminrw1 ^f^looctenft hy^frngh]^ j^; 

IH NMR (CDa3): 10.0 & 9.34 (2br. NH's). 3.55 (m.CH2).3.05 (d. 
CH3). 2.75 (m. CH2C=:N), 1.48-l,95(iii). 
Mass Spectnun m/e = 141 (M+l). 

15 




l -Aa-2-gthYlaminQ-l-cvcloortene hyHmrhi^nrtft: 

iH NMR (0X33): 8^-I0.0(br. NH's). 3.55 (m, CH2), 2.5-2.76 (i 
CH2C-N). 1.26-2.05 (m), 1.3 (t. CH3). 
25 Mass Spectnun m/e = 155 (M+1). 



EXAMPfR^ 



W096/14S44 



PCT/U8Mn4812 



a 



HCI 



1 -Aza-l-henTvlamino-l -cyclooctene hydrochloride! 

5 iH NMR (D6-DMS0): 9.9 & 9.3 (2br, NH's), 7.36 (m, aromatic H), 4.5 
(b, C3i2), 3.5 (m, CH2N), 2.7 (m, CH2C=N), 1.3-1.75(m). 
Ma$s Spectnim m/e s 217 (M-l-1). 



l-A2a-2-niethvlamino-l-cvclononeiie hydrochloride! 

15 

IH NMR (D6-DMS0): 9.64 & 8.95 (2br, NH's). 3.5 (m, CH2), 3.05 (d, 
CH3). 2.82 (d. CH3). (2.64 (m. CH2C=N). 1.25-1.8(m). 
Mass Spectnim m/e = 155 (M+l). 



25 3.4-Dihvdro-2-ammoQuinoHne hydrochloride: 

IH NMR (D6-DMSO): 9.7 & 8.9 (2br, NH's), 7.1-7.3 (m. aromatic H). 
2.9 (m, CH2). 



10 



EXAMPLE 35 




20 



EXAMPLE 36 




W09C/14844 



PCT/US95/148I2 



-83- 

Mass Spectnim m/e = 147 (M+1). 



.CHa HO 



l4-Dihvdro-?.mefhvlfln|jn^, iinoiinfthy.fn T fh |^ri^l>. 



(CH2). 

Mass Spectnim m/e s 161 04+1), 



3 . 4-PihY<1n>-?-i^hviaminnq.,jn^lln^h y ^ rnp |,l^ ^^^ 

^°-^<»^'NH'»).7.1-7.5(m.aiomaticH).3.58 
(m. CH2), 2.9 (CH2). 1^5 (t, CH3). 

Mass Spectium m/e = 175 (M+1). 

25 

EXAMPl,f? ^9 

OCX 



WOM/14844 



PCT/US9S/14812 



-84- 



1 A-nihvdm-l-henzvlaminnquinoline hydrochloride: 

iH NMR (D6-DMSO): 10.75 (br, NH's). 7.1-7.55 (m. aromatic H). 4.86 
5 (b, CH2), 3.1 (d. CH3). 2.95 (m. CH2). 
Mass Spectnim m/e = 237 (M+l). 



3.4-Dihvdi:o-2-cvclohexvlflininoquinoline hydrochloride: 

15 iH NMR (D6-DMSO): 10.2 (br. NH's), 7.1-7.6 (m, aromatic H). 2.9 
(CH2), l.l-2.0(m), 
Mass Spectrum m/e = 229 (M-l-l). 



:^,4-Dihydro-2-dimethvlaminoquinoline hydrochloride: 

25 

iH NMR (D6-DMSO): 8.8 (br, NH's), 7.1-7.6 (m, aromatic H), 3.4 & 

3.3(2s.CH3).2.95(CH2). 

Mass Spectnmi m/e = 175 (M+1). 



Ry AMPLE 40 




EXAMPLE 41 




^^^CH3 HQ 
CH9 



30 



wo 91^4844 



rct/v89snm2 



-85- 
EXAMPIFA? 

^f(^HH HQ 



10 



iH NMR (D6.DMSO): 9.1 & 8.8 (2br. NH's). 4.38 (br. CH2), 4.1 (q. 
CH2X 3.56 (br, CH2), 3.35 (t, CH2). 1.2 (t, CH3). 
Mass Spectnim m/e = 172 (M+1). 



15 



EXAMPIFd^ 



NH HI 

5-(SV2-liniiio-1-a7a-Mcvcion/<n)^ln nehvdfninrfH f 

Step A; 1->-»«imTtYyathftnvl-7-f<^ Vnvn»1iH«n|| ||jf^|^fll,^| 
OA /cx ^® * vigourously stiiring solution of 2.5 g (24.7 mmol) 2- 

20 (S)-pyiToIidinomcthanol in 20 mL of saturated sodium bicarbonate 
solution at RT was added 6.25 mL (27.2 mmol) of di-r-butyl dicaibomite 
Reacuon was continued overnight at room temperature. Reaction 
mixture was dUuted widi water and extracted with EtOAc. EtOAc layer 
was washed with water, brine, dried, filtered and the filtrate was 
25 concentrated. Trituration of the white solid with hexane foUowed by 
filtration yielded 4.3 g of the desired compound. 

IH MWR (CDa3): 4.76 (br s. IH), 3.98 (br. IH). 3.29-3.67 (m. 4H). 
2.00.2.06(m. IH). l,78-1.84(m. 2H). 1.48 (s. 9H). 



W09M4S44 



PCr/U8»S/14812 



-86- 

Step B: l-t-Butoxvcarbonvl-2-rSWonnvl-pvrrolidine. 

To a solution of 0.44 mL (6.2 mmol) of DMSO in 3 mL of 
S CH2CI2 at -78 OC was added 0.36 mL (4.1 mmol) of Oxalyl chloride. 
After 10 min 0.402 g (2 mmol) of l-t-butoxycaibonyl-2-(S)- 
pyrrolidinomethanol was added and stirred for 20 min. Trietiiylamine 
(1.7 mL, 12.4 mmol) was added to the reaction mixture and it was 
allowed to warm to room temperature. After stirring for IS min at room 
10 temperature, the reaction was diluted with water and extracted with 

CH2CI2. The CH2CI2 layer was washed with brine, dried and the filtrate 
was concentrated. The residue was chromatographed using 20% Et20- 
hexane to isolate 0.436 g (quantative) of the titie compound mixed with a 
small amount of DMSO which was used in the mxt step. 

15 

Step C: l-t-Butoxycaibonvl-2-(SVmethoxycaifaonvlethvl-pviTolidine. 

To a suspension of 0.16 g (4 mmol) of NaH in 10 mL of 
THF was added 0.73 mL (4 mmol) of methyl diethylphosphonoacetate. 

20 After 10 min a solution of 0.436 g (2 mmol) of l-t-butoxycarbonyl-2-(S)- 
formyl-pyrrolidine prepared in step B was added. After stirring for 1 h 
the reaction was quenched by adding saturated NH4C1 and extracted with 
CH2Q2- The CH2CI2 laya was washed widi brine, dried, concentrated 
and the residue was purified by chromatognqriiy using 20% EtOAc- 

25 hexane to furnish 0.383 g of oil. 

iH NMR (0X33): 6.82 ( dd, J- 15.5. 6 Hz. IH). 5.83 (d. J= 15.5. IH). 
4.4 (m. IH). 3.72 (s, 3H). 3.40 (m. 2H). 2.08 (m. IH). 1.86 (m. IH). 1.77 
(m.lH), 1.43(s,9H). 
30 13c NMR (CDa3 in ppm): 166.87, 148.84. 120.00. 57.81. 51.53. 46.18. 
31.68.28.35.22.86. 

A solution of 0.383 g of this oily product in 5 mL of 
methanol and 50 mg of 10 % Pd/C was stirred under H2 atmosphere 
overnight The next morning the catalyst was filtered through a plug of 



WOM/14S44 



PCT/U8fSn4tU 



-87- 

ceUte and the filtrate was concentrated to obtain 0.368 g (72%) of the title 
compound sufficiently pure for use in the next step. 

iH NMR (0X33): 3.78(m. IH), 3.65 (s. 3H), 3.28 (m. 2H), 2.32 (t. 
5 J=7.5Hz,2H),1.45(s.9H). 

StCPD; 5-fSV1-A7ii-hirvrlo(3.3.QWfi»n-?^ 

A solution of 0.201 g (0.78 mmol) of l-t-butoxycarfoonyl-2- 
10 (S)-niethoxycaibonylediyl-pyfn>lidine in 3 mL of 01202 at 0 'C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2QO3 sohition was added to 

the residue until it was basic. The mixture was heated in a 75 'C for 18 h. 
15 The reaction was cooled and extracted with 01202 and die organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 96 mg (98%) of the dtle compound. 

20 iH NMR (0X33): 3.88 (nu IH). 3.53 (m. IH). 3.03 (m. IH). 2.72 (m, 
IH). 2.31 (m. IH). 2.02-2.28 (m, 3H). 1.73 (m. IH). 1.32 (m. IH). 
I3C NMR (OX33 in ppm): 174.71. 62.04. 40.94. 35.35. 32.18. 27.15. 
26.97. 

25 SteoE: 5^.SVl-AM-hi«,^W^ ^^^ octen■l^hi»^.> 

To a solution of 80 mg (0.64 mmol) of 5-(S)-l-aza- 
bicyclo(3.3.0)octan-2-one in 4 mL of toluene was added 0.388 g (0.96 
mmol) of Lawesson's reagent and the mixnue was heated in a 90 OC bath. 
30 After 1 8 h the reaction was cooled, concentrated and the residue was 
chromatographed using 20% EtOAc-hexane to fiimish 83 mg (92%) of 
the title compound. 



W09M4844 



PCTAIS9S/14SU 



-88- 

iH NMR (CDQa): 4.17 (m, IH). 3.72 (m. IH), 3.40-3.23 (m, 3H), 2.38- 
2.21 (m, 4H). 1.78 (m. IH), 1.47 (m. IH). 

13c NMR (CDa3 in ppm): 69.68, 49.36. 44.56, 31.60, 29.36, 27.50. 
5 StepP: 5-fSV2-lmiiK>-Uaai.bicvclor3.3.0^octane. hvdrniodide 

Methyl iodide (1.5 mL) was added to 83 mg (0.59 mmol) of 
5-(S)- l-aza-bicyclo(3,3,0)octan-2-thione and the mixture was stirred 
overnight Next morning excess methy iodide was removed in vacuo 
10 leaving a solid residue. 

1h NMR (D20): 4.66 (m. IH), 3.53 (m, IH), 3.68-3.57 (m, 4H), 2.76 (s, 
3H), 2.53-2.41 (m, 3H). 2.26 (m, IH). 2.03 (m. IH), 1.66 (m. IH). 
13c NMR (D20 in ppm): 187.28. 75.86. 45.84. 43.19, 29.53. 27.52, 
15 27.05, 15.40. 

The solid obtained fitom tfie above reacticm was dissolved in 
5 mL of MeOH and the solution was saturated with NH3. After stirring 
for 18 h the reaction mixture was concentrated leaving a white solid 
20 residue. The solid was triturated with ether and dried to isolate 0. 1 61 g 
(quantative) of the title compound as a hydrnodide salt. 

iH NMR (D2O): 4.31 (m, IH), 3.40 (m. 2H), 3.25 (m, IH). 3.04 (m. 
IH), 2.36-2.27 (m. 4H). 1.94 (m, IH), 1.53 (m, IH). 
25 13c NMR (D2O in ppm); 165.37. 69.08. 49.03. 42.66, 35.96, 30.38. 
27.83.27.18. 



EXAMPLE 44 

30 

NH HI 



WOM/14M4 
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2-Iimno-l-a2a-hicvclor4.3.0W«nphvHmi«^i^^ 

Step A; l-t-bUtOXVCaif)Onvl-2-fR-f-SVDiDeridinnHinnmi»fhan^| 

5 Starting from 5 gm (43.4 mmol) of 2-(R+S)- 

piperidinodmometlianol and following the procedure as in example 43, 
step A gave 7.06 gm of die tide product 

iH NMR (€3X33): 4.26 (m, IH). 3.92 (m, IH). 3.77(m. IH). 3.59 (m. 
10 IH). 2.84 (m, IH). 1.49-1.60 (m. 3H). 1.44 (s. 9H). 

13c NMR iCOas in ppm): 79.72, 61.40, 52.37, 39.95, 33.88. 28.37, 
25.19,25.11.19.50. 

Step B; 1-t-Bntoxvrarfaonvl.2.rR4.5; Womivl.pipeririin.> 

Starting from 0.7 gm (3.2 mmol) ofl-t-butoxycaibonyl-2- 
(R-^S)-pipeiidinodinomedianol and following the procedure as in 
example 43. step B. gave 0.675 gm of die desired compound. 

20 iH NMR (0X33): 9.60 (d. J=5.7 Hz, IH), 4.55 (br s,lH), 3.95 (hr s, 
IH). 2.94 (br s. IH). 2.17 (m. IH), 1.67-1.28 (m. 5H). 1.48 (s. 9H). 

Step C; l-t-B1ltoxvcaIhonvl-?■-fl^^.S^-m<>thnT^rl^ri^<M^vlrthvl-pi^^ 

25 To a suspension of 0.088 g (3.7 mmol) of NaH in 5 mL of 

THF was added 0.68 mL (4 mmol) of mediyl diethylphosphonoacetate at 
-10^. After 10 min a solution of 0.528 g (2.47 mmol) of 1-t- 
buloxycarfoonyl-2-(R-i-S)-formyl-pipetidine prepared in step B was added. 
After stirring for 1 .h die reaction was quenched by adding saturated 

30 NH4a and extracted widiEtOAc. The EtOAc layer was washed widi 
brine, dried, concentrated and die residue was purified by 
chromatography using 5% EtOAc-hexane to fiunish 0.579 g of oil. 



WOt</14M4 
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iH NMR (CDQa): 6.88 ( m. IH), 5.81 (d. J= 15.8. IH). 4.94 (m. IH), 
3.98 (m. 2H). 3.74 (s, 3H), 2.81 (m. IH). 1.81-1.60 (m. 5H), 1.45 (s. 9H). 
13c NMR (CDa3 in ppm): 166.61, 154.94. 121.56. 79.79. 51.53. 28.89, 
28.33.25.22,19.81. 

5 

A solution of 0.570 g of this oily product in 5 mL of 
methanol and 50 mg of Pt02 was sdned under H2 atmosphere overnight 
The next morning the catalyst was filtered through a plug of celite and 
the filtrate was concentrated to obtain 0.548 g of die title compound 
10 sufficiendy pure for use in the next step. 

iH NMR (CDas): 4.24(m. IH). 3.66 (s. 3H). 2.73 (m. IH). 2.31-2.25 
(m, 2H). 2.13-2.07 (m. IH). 1.69-1.50 (m. 6H 1.45 (s, 9H). 
13c NMR (CDQs in ppm): 174.00. 154.96. 79.20. 51.49. 49.88. 30.89, 
15 28.85. 28.37. 28.27. 25.50, 24.96, 19.01. 

Step D: .5-(R+SV1-A7ji-bicvcior4 ;^ n^ftn«n-'?-nn>. 

A solution of 0.548 g (2.02 mmol) of l-t-butoxycaibonyl-2- 
20 (R-KS)-medioxycarbonylethyl-piperiduie in 3 mL of CH2a2 at 0 ©C was 
treated with 1 mL of trifluoroacetic acid. During die next 1 h as die 
solution wanned to room temperature the reaction was complete. The 
reaction was concentrated and saoirated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 OC for 2 h. 
25 The reaction was cooled and extracted widi CH2CI2 and die organic 
layo: was washed widi brine, dried and concennrated. The residue was 
diromatograi^ied on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 0. 187 g (67%) of die tide compound. 

30 iH NMR (CDQs): 4.04 (m, IH). 3.34 (m, IH). 2.54 (m, IH). 2.27 (m, 
IH). 2.14 (m. IH). 1.80 (m, 2H). 1.63 (m. IH). 1.50 (m. IH). 1.36-1.23 
(m.2H).1.09(m. IH). 

13c NMR (0X33 in ppm): 173.47. 57.17. 40.11. 33.48. 30.20. 25.23. 
24.35.23.58. 



W09C/14S44 
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10 



u- , * of 90 mg (0.64 mmol) of 5-(R+S>l.a2a- 

bicyclo(4.3.0)noiian-2-oiie in 4 mL of toluene was added 0 392 £ (0 97 
mmol) of Uwesson'8 reagent and the mixture was heated in a 90 oc bath 
After 1 8 h the reaction was cooled, concentrated and the residue was 

iS^K^i^"*' ^-^^-^-^^ (m. 2H). 1.28 (m. IH). 
15 24.^^9^^'""""^' ^9915, 65.13. 45.53, 43.40. 33.34. 26.66. 

StepF; 1-fRt.SV?-Tmino 1 nTa.hirvHn/^ ^^^^ p^^^ ^^Hr^j^ ^^^ 

(R+SH.aza-b,cyclo(4.3.0)nonan.2.tW^^ ^ ^ ^ 
5hr. Excess methyiodidewasremoved in vacuo leavii^asolidr^^ 

' ^""^ 1.58-1.49 (m. 3H). 

2l^,^o?^ " ^-^^^ ^^-^^^ 32.30. 25.43. 23.66. 
14.91. 

5 ml nf JS* '^'if ^^'f^ ^ "^^^'^ ««tio° was dissolved in 
fn^«t Afterstining 
for 18 h tte reaction mixture was concentrated leaving a white soUd 
residue. The soUd was triturated with ether and dried to isolate 83 me 
(quantati ve) of the title compound as a hydroiodide salt. 



20 



25 



30 
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iH NMR (D20): 3,84-3.78 (m, 2H), 3.07 (m, IH), 2.85 (m, 2H). 2.32(m, 
IH). 2.01 (m, IH), 1.86-1.72 (m, 4H), 1.48 (m. 2H). 1.34 (m. IH). 
13c NMR (D20 in ppm): 166.27. 63.61. 43.14. 31.94. 29.93. 25.30, 

23.30.21.97. 



FX AMPLE 45 
CHs 



10 

/-M-A l^-niniftthvl-l-itntnn-piperidinc. ncetic flcid gait. 



2-Aniino-4.6-dimetfayl-pyridiiie (2.00 g. 16.4 mmol) was 
15 dissolved in 10.0 mL of glacial acetic acid and 0.90 g of 5% rhodium on 
alumina was added. The mixture was shaken under a hydrogen atmosphere 
at 40 psi for 16 h. After filtering the mixture through Celite and washing 
the catalyst with an additional 25 mL of acetic acid, the filtrate was 
concentrated to a weight of 4.5 g. Toluene (3x10 mL) and then ethyl 
20 acetate (20 mL) were added sequentially, with evaporation of the solvent 
under vacuum following the additi<m of eadi portion. Hie residue was 
dissolved in methanol and filtned through a 0.45 mioon membrane. The 
filtrate was evaporated and the residue was dissolved in 20 mL of ethyl 
acetate and cooled to 0 "C. Filtration and drying under vacuum yielded 958 
25 mg (31% yield) of d5-4.6-dimethyl-2-iniino-pipetidine. acetic acid salt 

iH-NMR (400 MHz. CD3OD) 5 3.58 (m. IH), 2.62 (ddd. IH. J = 17.5, 4.5. 
2 Hz). 2.16 (ddd. J « 17.5. 12. 1.5 Hz), 2.00-1.90 (m. 2H), 1.89 (s. 3H), 
1.27 (d. 3H, J = 6 Hz). 1.11 (q. IH. J = 12 Hz). 1.06 (d. 3H. J = 6 Hz). 
30 Mass spectrum: 127 (M+1). 



WOM/14844 



PCT/US9S/148n 



-93- 



FoUowing the above procedures, the following 
2-iiiiinopiperidmes (Examples 46-S9) were synthesized from the 
appnqniate 2-aininopyridine: 



10 2-lmino-4-methvl-nineridifi#> acetic acid salt 

iH-NMR (400 MHz, CD3OD) 5 3.24 (ddd. IH, J = 13. 5.5. 2.5 Hz). 3.14 
(ddd, IH, J =: 13, 10, 5 Hz), 2.45 (ddd, IH. J « 17.5, 5, 1.5 Hz), 2.04 (dd. J 
= 17.5, 10 Hz), 1.88-1.68 (m, 2H). 1.64 (s. 3H). 1.30 (dtd. IH, J = 13. 10. 
15 5.5 Hz), 0.95 (d, 3H, J « 6 Hz). 

Chemical Analysis. Calc. for C8H16N2O2: 55.79% C, 9.36% H. 16.27% 
N. Found: 55.95% C. 9.29% a 16.33% N. 



6-Ethvl-2-imino-4^niftthvl-nineridit«» a cetic acid salt. 

25 

iH-NMR (400 MHz. CD3OD) 5 3.48-3.39 (m. IH). 2.63 (ddd. IH. J = 
17.5. 4.5. 2 Hz), 2.17 (ddd. IH. J = 17.5. 12. 1.5 Hz). 2.03-1.90 (m. 2H). 
1.90 (s, 3H), 1.69 (dqd. J » 14. 7. 5 Hz), 1.56 (dq. J = 14. 7 Hz). 1.10 (q. J = 
1 2 Hz). 1 .07 (d. 3H, J = 7 Hz). 0.98 (t. J = 7 Hz). 



EXAMPLE 46 




EXAMPLE 47 




WON/14t44 



PCrAJS»S/14S12 



EXAMPLE 48 



5 



NH HQ 



4-Tniino- Wt-mttthyl-'^-awih^rvrlo [4.3.01 nonane. hydrochloride. 

iH NMR (400 MHz, CDQa) 6 3.42 (dm. IH. J=13Hz), 3.23 (d. IH. 
10 J«13Hz). 2.84-2.87 (m,lH), 2.62-2.49 (IH. m). 2.02-1.95 (IH. m). 
1.93-1.86 (IH, m). 1.76-1.69 (IH. m). 1.41-1.28 (2H. m), 1.249 (3H, d. 
J=7Hz), 0.95-0.86 (lH.m). 

Mass spectrum m/e = 153 (M-t-1). 



20 

C»-5-AminQmcthv]-4.6-dimethv]-2-imino-piperidine.dihvdrochloride. 

iH NMR (400 MHz, 0003) 5 3.95-3-88 (m. IH), 3.05(t. 2H. J=5Hz), 
2.73 (dd. IH, JalTHz. Ja5.5Hz), 3.05 (t. 2H J»4.5 Hz), 2.73 (dd. IH. 
25 J«18Hz, J=5 JHz). 2.37 (dd, IH. J=18Hz. J=9.5Hz), 2.4-2.3 (m. IH). 
2.25-2^ (m. IH.). 1.37 (d. 3H, Js7.1Hz), 1.15 (d. 3H, J=6.7Hz). 

Mass spectrum m/e « 156 (M+1). 



15 



EXAMPLR49 




W09«14M4 



PCT/U8M/14*12 



EXAMPLE Sn 




W-3-Ethvl-2-imina^mpthvl-nin«rirfini» hvdrnchlnriHi. 

iH NMR (500 MHz, CD3OD) 5 3.44 (m, 1 H), 3.38 (m, 1 H). 2.48 (dd. 
J = 4H2,1H).2.16 (m,J=10&4Hz.lH),1.83 (m, 1 H). 1.74 (in.2 
10 H),1.67 (iiulH).1.06 (t,J = 8Hz,3H).1.05 (d, J = 7 Hz. 3 H). 

Mass spectnim m/e » 141 



ftT-24mino-4-methvl-Wfimpv1-pi|w^fl ^e.hvdmchlnriA. 

20 

iH NMR (500 MHz, CD3OD) 5 3.44 (m. 1 H), 3.38 (m, 1 H). 2.55 (dd. 
J = 5Hz.lH),2.15 (m,J=10&4Hz.lH),1.83 (m. 1 H, H5), 1.76 
(m.lH).1.59 (m.2H).1.45 (m.2H).1.05 (d. J = 7 Hz, 3 H). 0.99 (t. 
J = 7Hz.3H). 



EXAMPLE SI 




Mass spectnim m/e » 155 



EXAMPLF, ^2 



WOMa4M4 



PCiyUS9S/14tl2 



96 



HOfi 



^jlj'^NH HOAc 



/rLcAy«iL»-l-Imino-A-methvl-piperidilie-S-cari» 
5 

iH NMR (400 MHz, CD3OD) 5 1.04 (d. 1.5H). 1.08 (d. 1.SH). 
Mass spectnim m/e a 1S6 (M). 

10 

EXAMPLE S3 



^{j^NH HOAc 



15 rit/»rflit<-l.Imiiwv^tnethvl-piperidiiie-S-carfaoxvHc acid, metfavl eater. 



NMR (400 MHz, CD3OD) 5 1.05 (d, 1.5H), 1.09 (d. 1.5H). 3.74 (d, 
3H). 

20 

Mass spectnim m/e s 171 (M«f 1). 



EXAMPLE 54 

25 

.A 



[j^NH HOAc 



WOMa4S44 
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-97- 



C«^flHJ-5-Acetamidomethvl-2-iminQ^methvl-pi^ acaric acid mU 
iH NMR (400 MHz. CD3OD) 6 1.02 (d. 1.5H), 1.10 (d. 1.5H). 

5 

Mass spectram m/e > 184 (M+1). 



2-Imino-^-n-rat>f)vloTv-iMBcridiii«> acgtic arid «ih 
15 iH NMR (400 MHz. CD3OD) 5 0.95 (t. 3H). 1.59 (m. 2H). 
Mass spectrum m/e s 157 (M't-l). 



dlAMaj-5-Acrt»mido.2-imitin-4-m#thvl.piperidin a. acetic add nalt 

25 

iH NMR (400 MHz. CD3OD) 5 1.00 (d, 1.5H). 1.05 (d. 1 JH). 1.97 (d. 
3H). 



Mass spectrum m/e sl70 (M-fl). 

30 



EXAMPLE 



10 




20 



EXAMPIR <<t 
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EXAMPLE37 




10 



15 



20 



^U'^NH HOAC 

S-CvcloheTvl-2-imimvpipcridine. acetic acid aalL 

iH NMR (400 MHz. CD30D)S 1.00-1.8S (brm. IIH). 

Mass spectrum m/e = 181 (M+l). 

EXAMPLE 58 



ck/bifliLf-S-CS/elnlieTvl Aiminft^ acetic acid salt 

iH NMR (400 MHz, CX>30D) 5 0.90 (d. 1.5H). l.OS (d, 1.5H). 
Mass spectnim m/e « 195 (M-fl). 




EXAMPLES? 
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2-Iinino-5-trif1w«tm-i>iDeridine..aceric acirf ««lt 

iH NMR (400MHz, CD3OD) 5 1.83-1.97 0>r m, 1H)« 2.14-2.20 (br m, 
IH), 2.74-2.80 (hf m. 2H), 2.86-3.00 (br m. IH). 3.337-3.44 (m. IH), 3.62- 
5 3.68 (q,lH). 

Mass spectnim m/e s 167 (M'l-l). 



10 EXAMPLES 



2-Imino-5-«riivl^infthvlpvfrnliiKiie hydrochloride 

15 

SSOUL Mcthvl 3-nirthvl-4-nitiohcTMinate 

A solution of 4 g (40 mmol) of methyl crotonate and 
4.72 g (53 mmol) of l-nitroinopane in 20 mL of acetonitrile was treated 

20 with 6 mL (40 mmol) of 1.8-diazobicyclo(5.4.0)midec-7-cnc (DBU). 
Afiter stilling for 22 h at room ten^Mrature the reaction mixture was 
dilmedwilfa water and acidified with 2 N HQ. Tbe solution was 
extracted with EqP and the Et20 layer was washed with brine , dried and 
cooce nt rate d . The residue was chromatographed oa a flash column using 

25 10 %Et20-Hexane to isolate 6.41 g (85%) of the tide compoimd. 

1h NMR (CDQj, since stereoisomeis were present multiple peaks were 
observed and ppm ranges are given): 4.44 & 4.38 (2m, IH), 3.70 & 3.69 
(2s, 3H). 165-1.7 (m. 5H). 1.06 ft 1.01 (2d, 3H, J«7 Hz). 0.97 (t. 3H, Js7 
30 Hz). 



StSILfil S-Ethvl^methvl-2-pvnnHdnnc 
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PCr/D89V14S12 
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A solution of 4.0 g (21 mmol) of methyl 3-methyl-4- 
nitrohexanoate (firom step A) in 20 mL of EtOH containing 0.4 g of Pt02 
was hydrogoiated on a Parr apparatus for 3 days. The catalyst was 
5 filtered and washed with EtOH and the filtrate was concentrated. 
. Vacuum distillation of the residue furnished 1.6 g (61%) of the title 
compound: bp 102-107 ^€72 mm. 

NMR (CDQs, since stneoisomMs were present multiple peaks woe 
10 observed and ppm ranges are given): 6.9(br8, lH),3.50ft 3.11 (2 m, 1 
H). 2.6S-1.3 (m, SH), 1.14 & 1.04 (2d, 3H. Js7 Hz), 0.96 (t. 3H, Js? Hz). 

StCPC; l-aza.5^vl.2-methoxy.4-incthvl.l.cvclopentene 

15 To a solution of 0.254 g (2 mmol) of 5-ethyl-4- 

methyl-2-pyiTolidone (from step B) in 3 mL of CH2CI2 was added 0.355 
g (2.4 mmol) of trimethyloxonium tetraflucnoborate under a N2 
atmosphere. After stinting overnight the reaction mixtnie was quenched 
with saturated K2CO3 sohition and diluted with Et20. The solution was 

20 filtered and the filtrate was ooncentntted. The residue was purified by 
flash chromatography using Et20-bexane to isolate 0.224 g (79%) of die 
tide conqKHmd. 

^H NMR (CDQs, since stereoisomers were present multiple peaks were 
25 observed and ppm ranges are given): 3.8 (s, 3H), 3.6-3.4 (m. 1 H), 2.7- 
0.8(m.l0H). 

SlBRi2l 2-Imino-5-ethvl-4-methvlpvrrolidine hvdrochloride 

30 A mixture of 0.1 g (0.71 mmol) in 3 mL of EtOH 

containing 0.03 g (0.56 mmol) of NH4CI was heated to reflux. After 4 h 
the solution was cooled and concentrated and the residue was suspended 
inEtOAc. The predpateted solid was filtered washed with EtOAc and 
dried to furnish 0.072 g (79%) of the title compound. 



WOfM4M4 
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NMR (D2O, since stereoisomers were present multiple p«^ir» were 
observed and ppm ranges are given): 3.82 A. 3.50 (2 q. IH), 3. 1-2.45 (m, 
2 H). 2.31 & 1.64 (2 m, IH). 1.6-1.45 (m. 2H). 1.11 & 1.0 (2 d. 3H. J«7 
5 Hz),0.92(t,3H.J=7Hz). 

Mass spectram m/e « 127 (M-i-l) 

The following 2-imino-pynolidiaes (Examples 61-78) were prepared by 

10 the mediod of Example 60 by substituting appropriate nitroalkane and 
acrylate esters. 

15 

PI NH HO 
2-ImillO-4-mrfhvlT>VnnHdine hvHmrhlnr^ 

20 IH NMR (D2O): 3.73 (t. IH). 3.22 (dd. IH). 2.97 (dd. IH). 2.65 (m, 
IH). 2.47 (dd.lH). 1.08 (d.3H). 

Mass spectium ffl/Se ■ 99 (M-I>1) 

25 

'm-^NH HQ 



30 2-Tmino-4-ethvlpvnolidim> hyH^hi^nii^ 
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iH NMR (D2O): 3.75 (<H IH). 331 (dd. IH), 2.98 (q. IH). 2.54 (m. 
2H). 1.49 (m, 2H). 0.89 (t. 3H). 

5 Mass spectnim m/e s 113 (M-i-1) 



KX AMPLE 63 
CHi^jj-^NH HQ 



10 



NMR (D2O, since stereoisomers were present multiple peaks were 
15 observed and ppm ranges are given): 4.05 & 3.69 (2 m. IH), 2.99 & 2.94 
(2 dd. 1 H), 2.66 & 2.17 (2m. IH), 2.54 & 2.51 (2t. IH). 1.25, 1.13. 1.1 & 
0.99(4d.6H). 



20 



25 



Mass spectnim m/e > 113 (M-fl) 



EXAMPLE 64 

^'•^^M'^NH HCI 
9-lminrwA.inrthvl.S.ptopvlpvnolidine hydrochloride 



1h NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.69 Sl 330 (2 q. IH). 1.95- 2.6 (m. 
30 3 H). 1.2-1.6 ( m, 4H). 1.08 & 0.96 (2 d. 3H). 0.90 (t. 3H). 



WOM/14S44 



PCT/in»S/14S12 



-103 

Mass spectnim m/e s 142 (M-f 1) 




2-IllUnO-.5-in«rtlvl-4-mnnvlfwnnlidin^ hvHrr^hl^^ 

10 

Mass spectnim m/e » 141 (M+1) 



15 




2-Tmino-^-fffhvl-4-fmnwliivm»lidiiK> h ydrochloric^ 
20 Mass spectnmi m/e s 155 (M-i-1) 

EXAMPfF<t7 
CHi 

25 C^-V"^ 

2-Iinino-5-ftthvl-Vnirfhv1nvtroiidin^ hvAmr^^^ 



WOffa4t44 
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Mass spectrum m/e s 127 (M-i>l) 

EXAMPLE 68 

5 

CH, H 

5-HinMtthvlpviTolidine hydrochloride 
10 iH NMR (D20): 2.91 (t» 2H), 2.04 (t, 2H), 1.33 (s, 6H). 
Mass spectrum m/e B 113 (M'i'l) 

15 EXAMPLES 



CH,, 

7^.,^MH HCI 
CHs [j "« 



2-!inino.3..S..5-triineriivlpvrrolidinc hydrochloride 

20 

Mass spectzum m/e s 127 (M-f 1) 



EXAMPLE 70 

25 

C»^-^M'^NH HCI 

2JIDi^^^4-€^fayl•S-mctfaylpylro^<iii^c hydrochloride 



wofM4M4 rcrnmsnma 
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NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.08 & 3.71 (2 m, IH), 3.1-2,4 (m, 
3 H), 1.6-1.2 (m. 2H). 1.26 A 1.1 1 (2 d, 3H). 0.90 (t. 3H). 

5 Mass spectrum m/e s 127 (M-i-1) 



EXAMPLE 71 



10 




NH HQ 



2-Imino^nrmwliwrm1iditie hvdmehlmiA^ 

iH NMR (D2O): 3.74 (dd. IH). 3.30 (dd. 1 H), 2.97 (dd. IH). 2.6 (m. 
15 2H). 1.45 (q^. 1.31 (m. 2H). 0.88 (t. 3H). 

Mass spectrum m/e s 127 (M-i-1) 
20 EXAMPLE 72 

25 

iH NMR (D2O): 3.72 (t, IH), 3.37 (dd. 1 H). 2.91 (dd. IH). 2.63 (dd, 
IH). 2.39 (m. IH). 1.66 (m. IH). 0.88 (2d. 6H). 



Mass spectrum m/e > 127 (M+l) 



WON/14S44 
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EXAMPLE 73 



~NH HO 



2-Tinino-4-phenvlpvnrDlidine hvdrochloridg 



iH NMR (D20): 7.4 (m. 2H), 732 (m. 3H). 4.02 (dd. IH). 3.82 (m. IH), 
10 3.62 (nulH), 3.25 (dd.lH), 197 (dd,lH). 

Mass spectmm m/e s 161 (M-fl) 



IS EXAMPLE 74 

CM, <5Hi 

HC. 



20 



2-Imino-'^.4-diniefhv1nvirolidiiie hvdmchlnride 

NMR (D2O, siiice stereoiscmien were piesem multiple 
observed): 3.74 & 3.68 (2 dd. IH). 3.25 & 3.19 (2 dd. 1 H). 3.12 & 2.23 
(2 m. IH). 2.68 (m. IH). 1.27 & 1.17 (2 d. 3H. ). 1.12 & 1.0 (2 d. 3H). 

25 Mass spectmm m/e a 113 (M-l-l) 



EXAMPLE 75 
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^Ij-^NH Ha 

2JlllillQ.4-ethvl-^itiethvliivrroBdinc hvdmehlnrid^ 

5 NMR (D2O, since stereoisomers weie present multiple peaks were 
observed and ppm ranges are given): 3.77 ft 3.67 (2 1, IH). 3.32 & 3.26 
(2t, 1 H). 1.6-3.1(m. 2H). 1.51 & 1.40 (2m. 2H). 1.29 & 1.17 (2 d, 3H. ). 
0.90 (m,3H). 

10 Mass spectrum m/e - 127 (M-i-l) 



15 




2-Imino-5-methv1.4-mnnvlpvrrol»din^ hvAmrMnn^^^ 

NMR (D2O, since stereoisomers were present multiide peaks were 
20 observed and ppm ranges are given): 3^2 & 3.50 (2 q. IH). 2.45- 3.1 (m. 
2 H). 2.31 A 1.64 C2 m, IH), 1.45-1.6 (m. 2H). 1.1 1 A 1.0 (2 d. 3H. J=7 
H2X0.92(t.3H.J«7H2). 

Mass spectrum m/je a 127 (M+1) 

25 



EXAMPLE 77 



WOM/14M4 



PCT/US9S/14«12 



-108- 




NH HO 



%fminn-'^-ii^«hiryrW4.3.Q^iionane hydrochloride 

5 iH NMR (D20): 3^6 (dd. IH), 3.32 (dd, 1 H). 3.02 (q, IH), 2.56 (q, 
IH), 1.2-2.0 (III.8H). 

Mass spectnun m/e s 139 (M-i-1) 

10 

EXAMPLE 7« 




NH HO 



15 2-Tmino.Va7aihicvclo(3.3.0V)ctane hydrochloride 

iH NMR (D2O): 3.82 (dd, IH), 3.48 (dt. 1 H), 3.32 (dd, IH). 2.98 (m, 
lH),1.4-2.1(m.6H). 

20 Mass spectnun m/e « 125 (M+l) 

llw coinpouiids of examples 79 and 80 were synthesized 
from die commercially available pynoUdone intnmediates by die 
fffocedure outlined in step C and D in example 60. 



EXAMPLE 79 
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-109- 

rC 

U^NH HCI 

2-Tfmiio-3-in«thvlnvrm1idiiie hydrochloride 

5 IH NMR (D2O); 9.48 (8. IH). 9.1 (s, IH). 8.82 (s, IH). 3.6 (m. IH). 
3.28 (m. IH), 2.37 (m. IH). 1.78 (m. IH). 1.40 (d. 3H). 



10 



EXAMPLE ftn 

CHa^^^^NH HO 

2-Iinino-5-mftfhvlnvrrolidine hvdmrhlnrj^^ 

15 iH NMR (D2O): 9.49 (s. IH). 9.18 («. IH). 8.79 (s. IH). 4.05 (m. IH). 
3.02 (m. IH). 2.92 (m. IH). 2.33 (m. IH). 1.73 (m. IH). 1.32 (d. 3H). 



EXAMPLE »1 

20 

CHsy^^^^N^NH HCI 
O " 



25 The commercially available (S) 5-(hydroxymethyl>2-pynolidoiie was 
acylated with acetic anhydride and the product was subjected to the 
procedure of Example 60. steps C and D to isolate the title compound. 



WON/14S44 
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iH NMR (D20): 4.28 (m, 2H). 4.07 (m« 1 H), 2.92 (m. 2H). 2.37 (m, 
IH). 2.11 (s. 3H). 2.0 (m.lH). 



S EXAMPLE 82 

O " 

%fminn.5-ntVacetvlnTyinethvlpvirolid^ hydrochloride 

10 

Hie title compound was (mpared by die procedure of example 8 1 starting 
from (R) 5-(hydroxyniethyl>-2-pyindidrae. 

iH NMR (D20): 4.3(m, 2H). 4.09 (q, 1 H), 2.92 (m» 2H). 2.39 (m, IH). 
15 2.10 (s,3H), 2.0 (m,lH). 

Mass spectrum m/e « 157 (M-i>l) 



20 EXAMPLE 83 

"^^-^^^NH HO 
%Itntno.WgUivritnyvniethvlpvnDKdinc hydrochloride 

25 

A solution of 15 mg (0.078 mmol) of 2-imino-5-<S)- 
acetyloxymethylpyrrolidine hydrochloride prepared in example 81 in 3 
mL of metfaaool was saturated with NH3 and the solution was stirred for 
3h. The reaction mixture was concentrated and the residual solid was 
30 suspended in Et20-EtOAc, filtered and washed witii Et20 and dried to 
isolate 6 mg of the tide compound. 



pcrAn9s/i4tu 
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iH NMR (D20): 4.10 (m. IH). 3.70 (m. 1 H). 3.57 (m, IH), 2.87 (m, 
2H). 2.29 (m.lH). 1.97 (m. IH). 

5 Mass spectnimin/es 115 (M-i-1) 



EXAMPLES 

"^••^^^NH Ha 
2-TnihlO-5-rRVhvdmxvniethvlpvr roHdinehvdmrh1^ri^ ^ 

The title compound was obtained firom 2-imino-5-(R)- 
15 acetyloxymethylpynolidine hydrochloride (example ) by the mediod 
described in example 83. 

IH NMR (D20): 4.12 (m. IH). 3.72 (dd. 1 H). 3.57 (dd. IH). 2.88 (m. 
2H). 2.3 (m.lH). 1.96 (m.lH). 

20 

Mass spectram m/e s 1 15 (M-»-l) 



EXAMPTF.R^ 

25 

CH, 

U^NH HOAC 



ridine. acetic nciH M^y 
30 Step A: 5-Nitro^ini»thvl.2-trim^thvli u:etv1aminnpvriHini. 



WONa4t44 



PCiyU8iSa4S12 



-112- 

To a mixture of 5*mtro-4>iiiethyl-2-ammopyridine (1.0 g, 
6.53 mmol) in 15 mL of methylene chloride was added triethylamine 
(1.14 mL, 8.16 mmol) and cooled to 0 "C. To this was added diopwise a 
5 solution of trimethylacetyl chloride (0.89 mL, 7.18 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h. The 
solution was diluted widi 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to flash silica gel 
10 chromatography using 10% ethyl acetateAiexane as eluant to yield the 
title compound. 

iH NMR (400 MHz. CDOs): 6 1.34 (s,9H); 165 (s3H); 8.18 (b.lH); 
8.29 (8.1H); 8.94 (8.1H) 

15 

Step B: 5-Amino^methvl.l.triTnertivlflcetvl>fninftpyri^jm> 

A solution of 5-nitro-4-methyl-2- 
trimethyiacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
20 acid containing 10% palladium/carbon was hydro^nated at atmospheric 
pressure for 48 h. The catalyst was removed by filtration and the filtrate 
was concentrated. Hie residue was coeviqioraled with tduene to give the 
title compound. 

25 iH NMR (400MHz, CDQs): 6 1.29 (8,9H); 2.19 (s,3H); 7.60 (8,1H); 
8.04(8,1H);8JOO>.1H) 

SteoC: 5-lodo^inefhvl.2.trimgfhv1i.n»tvlam«n»pvriH«n^ 

30 A mixture of 5-amino-4-methyl-2- 

trimethylacetylaminq>yridine (1.0 g, 4.82 nunol) in 34 mL of 
diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 *C for 0.5 h, cooled to room temperature and evi^rated at 
60 under high vacuum to give a red semi-solid. The crude material 
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was subjected to flash chromatography using 10% ether / hexane as 
eluant to give the title compound 

iH NMR (400 MHz, CDOs): 5 1.30 (8.9H); 2.40 (s.3H); 7.90 (b,lH); 
5 8.22 (s,lH); 8.45 (s,lH) 

Step D; 5-Ethvnvl-4-methvl-2-triinethvlflcgtviiitntiiftpyririini. 

To a mixture of 5-iodo-4-methyl-2- 
10 trimethylacetylaminopyridine (176 mg, 0J5 mmol) in tetrahydrofuian 
(0.60 mix triethyamine (3.32 ml), 

bis(triphenylpho8phine)palladium(IDchloride (4 Qg), copper (I) iodide 
(1.1 mg) and (tiimethylsilyl)acetylene (1 17 ul. 0.83 mmol) were added. 
The mixture was stined at room temperature for 3 h. The mixture was 

IS diluted with chlorofonn (50 mL) » dried (Na2S04), and evaporated to 
give a tan soUd. The crude solid was dissolved in methanol (5 mL), 
treated with IN potassium hydroxide (0.61 mL) and stined at room 
ten^ranire 18 h. Tlie mixture was evaporattd to dryness, taken up in 
chlorofonn (50 mL), dried (Na2S04)t and evaporated to give a solid. The 

20 product was purified by flash chromatography using 10% ediyl acetate / 
hexane to yield the title compound. 

iH NMR (400MH2. 0)300): B 1.30 (8.9H); 2.45 (s^H); 3.85 (8.1H); 
8.02 (8,1H); 8.30 (8,1H) 

25 

Mass spectrum m/e « 217 (M-f 1). 

Step E: S.Rthvl^m^ mvl.2.trimethyliicetvlflmin»pvriHin^ 

30 A solution of 5-ethynyl-4-methyl-2- 

tiimethylacetylaminopyridine (1 15 mg, 0.53 mmol) in ethyl acetate (2 
mL) ccmtaining 10% palladium / carixm (20 mg) was hydrogenated at 
atmospheric pressure for 15 minutes. Hie catalyst was removed by 
filtration through a Millex-HV 0.45 um Filter Unit and the filtnte was 
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concentrated. Purificatioii was achieved by flash chromatography using 
10% ethyl acetate / hexane to give the title ccmipound. 

iH NMR (400MHz, CD3OD): 6 1.20 (t,3H); 1.30 (s,9H); 2.34 (s,3H); 
5 2,65 (q^; 7.84 (s,lH); 8.02 (s.lH) 

Mass spectrum: m/e = 221 (M-f 1). 

SteoF: S-Ethvl.4-methvl.2-aminopyridine 

10 

A soluti(» of 5-ediyl-4-inethyl-2- 
tzimethylacetylaminopyridine (192 mg, 0.87 mmol) in 2N hydrochloric 
acid (3 mL) was lefluxed at 100** for 18 h. The mixture was diluted widi 
water (10 mL) and washed with ether. The aqueous layer was made basic 
1 S with 10% sodium carbonate and extracted with ediyl acetate. The EtOAc 
layer was dried (Na2S04) and evaporated to give the tide compound. 

iH NMR (400 MHz, CD3OD): 8 1.14 (t,3H); 2.20 (s.3H); 2.50 (q.2H); 
6.42 (s,lH); 7.60 (S.3H) 

20 

Mass spectrum: m/e = 136 (M-i-). 

SteoG; S-Ethvl.2.imino^inethv1.piperidine. aiatic acid «ih 

25 A solution of 5-ethyl-4-methyl-2-aminopyridine (42 mg. 

0.31mmol) in acetic acid (1 mL) containing platinum oxide (25 mg) was 
hydrogenated at 40 psi for 6 h. The catalyst was reuMved by filtration 
dirough a Millex-HV 0.45um Hlter Unit and die filtrate was evaporated 
to give die titieconqwund. 

30 

iH NMR (400MHz, CD3OD): 5 0.97 (m,6H); 1.35-3.50 (m,5H); 2.63- 
3.50 (m,3H) 

Mass spectrum m/e a 141 
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5 




NH HOAc 



2-Tniiti«v4-inrthv1-5-n-pentvlVpiperidine. acetic acid aalt 

Step A; ^n-PmtynylH-mtthyl-2-trimrthylacgrylaminftpyridi^ 

10 

The above compound was prepared in a similar fashion as 
Example 8S, Step D» but substituting 1-pentyne in place of 
(trimetbylsilyi)ace^lene to yield the title compound. 

15 iH NMR (400 MHz, CD3OD): 5 1.08 (UH); 1.30 (s.9H); 1.65 (q.2H): 
2.40 (S.3H); 2.45 (UH); 7.98 (s,lH); 8.20 (s.lH) 

Step B: S-(l-PmtvlV4.niethvl-2.trimeihv1iicistvlMniiiopvridine 

20 A solution of 5-(l-pen^yl>4-metiiyl-2- 

trimetbylacetylaminopyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 
ml) c<Mitaining platinum oxide (45 mg) was hydrogenated at atmospheric 
pressure for 1.5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um Filter Unit Evaporation of die filtrate gave die tide 

25 compound. 

iH NMR (400 MHz. CD3OD): 50.95 (t,3H); 1.33(s,9H); 1.40 (m.4H); 
1.60 (m.2H); 2.35 (s^H); 2.63 (m.2H); 7.84 (s,lH); 8.00 (s.lH) 

30 Mass spectrum m/e s 263 (M+1). 

StepP; ^-/1-PtentvlV4-methvl.l.«minnpvridiiig 
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A suspension of S-d-pcntylH-mcthyl- 
a-trimcthylacctylamino-pyridinc (233 mg. 0.89 mmol) in 2N 
hydrochloric acid (3 mL) was heated at 100 for 18 h. The solution was 
cooled to room temperature, made basic with 20% aqueous sodium 
carbonate and extracted with chloroform. TTie organic layer was dried 
(Na2S04). and evaporated. TTie product was purified by flash 

chromatography usiqg 2% medunol / methylene chloride to give die title 
compound. 

IH NMR (400MH2. CD3OD): 5 0.90 (t,3H); 1.35 (s,4H); 1.50 (m^; 
2.20 (s3H); 2.45 (m^; 6.40 (8.1H); 7.58 (8.1H) 

Mass spectrum m/e » 179 (M-f 1). 
Step P: 2-Tmino-4-nirthvi.^.n.p.^tyi^Pip^di«^ nnlt 

TTie above compound was prepared in a similar fashion as 
Example 85. Step G, but substituting 5-(l.pentyl)-4-methyl-2- 

20 Mninopyridineinplaceof5<thyl.4-methyl.2.aminopyridineto^^^^ 
title compound. 

IH NMR (400MH2, CD3OD): 5 0.93 (m.6H); 1.50-1.76 (m,4H); 2,10- 

2.43 (m.4H); 2.65-2.80 (m.2H); 2.95-3.15 (m.2H): 3.35-3.50 (m.2H) 
25 Mass spectnim: m/e = 183 (M+1). 
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EXAMW R»7 
^^'^HH Ha 



4(R)-Methvi-2.imm»nip^ ^ ln^ h T Tl n TTh l n riiln 
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StenA: Mcthvl n? V.citroiieHiite 

Diazomethane in ether was cautiously added to a solution of 
5 (R)-citroiicIlic acid (17.2 g, 0. 1 M) in ether at O© C until yellow color 
persisted. After the addition was complete, the reaction mixture was 
stined SOmins and the solvent was removed in vacuo to give the 
quantitative yield of die desired methyl ester as a colorless oil. 

10 IH NMR (CDQa): 0.92(d.3H); 1.2(m,lH): 1.32(m.lH); 1.58(s.3H); 
1.65(s.3H); 1.95(m;iH); 2.1(q.lH); 2.4(q.lH); 3.64(83H); 5.06(t.lH) 

StCPB; MethvnrRVfnethvl.5.hvrirnTvcarhQnvlti«iriinn«te 

A stream of 4% ozone in oxygen was passed duough a 
solution of methyl (R)-citronellate (7 g. 39 mmol) in 140 mL of glacial 
acetic acid at room temperature for 45 mins. 14 mL of 30% hydrogen 

peroxide was then added and die reaction mixture was heated to reflux 2 
hrs. Solvent was removed in vacuo to afibid 6.5 g of die desired acid as a 
20 colorless oil. 

IH NMR (CDa3): 0.94(d,3H); 1.52(m.lH); 1.69(m.lH); 1.98(m.lH); 
2.15(q.lH); 2.3(q.lH); 2.36(m^ 

^ Step C; MCthvl 3fRVmethvl-S-h««vln.vr^rhnnyl,niilin n«ih»nn«ti> 

Diphenyl phosphoiyl azide (5.3 mL, 24.53 mmol) was added 
to a mixture of mediyl 3(R)-mediyl-5-hydioxycafbonyl pentanoate (3.88 
g. 22.3 mmol) and tiiediylamine (3.45 mL, 24.53 mmol) in 22 mL of p- 
30 xylene. The mixture was dien stirred 1 hr at 80© C. 4.5 mL (45 mmol) of 
benzyl alcohol was then added and die mixture was heated at reflux for 4 
hr. TTie reaction miture was cooled, diluted widi ediyl acetate and 
washed widi water, and sodium chloride and dried over ahydrous 
magnesium sulfate. Solvent removal gave a crude product, which was 
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purified on silica gel using 10% ethyl acetate in hexane as solvent to 
afford 3.9 g of the desired cubamate as an oiL 

lHNMR(CDa3): 0.95(d3H); 1.4(m,lH); 1.62(m,lH); 2.02(m,lH); 
5 2. 18(q.lH); 2.3(q.lH); 3.22(m^); 3.65(83H); 5.07(s^; 7.3(m^H) 

Step D: 3(RVMethvM-ben2vioxvcarbonvlainino pentanoic acid 

A 2N sodium hydroxide (7.5 ml, IS mmol) solution was 

10 added to 3.9 g (14 mmol) of methyl 3R-methyl-5- 

benzyloxycaibonylamino pentanoate in 70 mL of 2:1 mixture of 
medianohwater. This mixture was then heated Ihr at 600C and 7.5 mL 
of 2N hydrochloric acid was added after cooling. Most of the volatiles 
were removed in vacuo. The remaining mixture was exttacted with ethyl 

15 acetate. The combined ediyl acetate extracts were dried over anhydrous 
magnesium sulfate. Solvent removal afforded 2.9 g of the desired acid 
as an oil. 

iH NMR (0X33): 0.98 (d.3H); 1.42(m.lH); 1.56(m,lH); 2.02(m.lH); 
20 2.2(m.lH); 2.35(m.lH); 3.2(naH); 5.08(8,2H); 7.3(m,5H) 

SteoE: 4fltVMethvl-14imzvloTV«ariinnv1Apipiiririnn«. 

Ethyl chlorofonnate (1.92 mL, 20 mmol) was added 
25 dropwise to a solution of 3(R)-methyl-5-benzyloxycart)onykunino 

pentanoic add (2.65 g, 10 mmol) and triethyl amine (2.8 mL, 20 mmol) 
in 50 mL of ethyl acetate at 00 C. After stirring 1 hr at room temperanire, 
the solids formed were filtered and washed with ^yl acetate. The 
filtrate was concentrated to give an oil \;^ch was taken up in 45 mL of 
30 toluene. This solution was heated to reflux fcv 4 hr. Solvent was then 
removed in vacuo and die residue was purified on silica gel using 20% 
eAyl acetate in hexane as solvmt to give 1.39 g of die desired lactam as 
an oil. 
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iH NMR (CDQa): 1.02(<UH): 1.44(m.lH); 2.0(m.3H); 3.62(q.lH); 
3.55(q,lH); 3.88(q,lH): 5.28(2H); 7.35(m^H) 

5 

10% Palladium hydroxide on carbon (350 mg) was added to 
a solution of 4(R)-Methyl-l-bcnzyloxycarbonyl-2-pipcridonc (1.3 g) in 
20 mL of medumol and the mixture was hydrogenated oa Pair shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
10 washed with methanol. The filtrate was concentrated to give 700 mg of 
the crude i»oduct which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 510 mg of the desired lactam as a white 
solid. 

15 iH NMR (DMSO): 0.92 (d.3H); 1.26 (m.lH); 1.75(m3H); 2.18(q.lH); 
3.12 (m^ 

SteoG: 4rRVMerhvi.?.iminn pip^in^ hyHrrv^h^^n^ 

20 The title compound was prepared from 4R-mediyl-2- 

piperidone as described in Examples 2 and 3. 

iH NMR (DMSO): 0.96(d,3H); 1.25(m,lH); 1.75(m.lH); 1.85(m.lH); 
2.15(q,lH); 2J5(q.lH0; 3.24(m.lH); 3.34(m.lH); 8.28(b.lH); 
25 8.62(b.lH);9J5(b.lH) 



EXAMPLES 



a 



30 0 



NH HQ 



4f SVMethvlAifninfuiipTj^jn f, hydrochloride 
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15 



20 



25 



The title compound was synthesized according to the 
procedure of Example 87 starting with (S)-citronellic add. 



Step A: 2fR>.6-Dimethvl-1.h«irvlo«vc>fh«nvli.niino.S.h^pteni. 

Diphenylphosphoiyl azide (14 mL, 65 mmol) was added 
dropwise to a solution of (R)-citronellic acid (IQg, 59 mmol) and 
triethylamine (9.1 mL. 65mmol) in 60 mL of toluene. The mixture was 
heated for 1 hr at 80^ C. 12 mL (120 mmol) of benzyl alcohol was added 
and the mixture was heated to reflux for 4 hrs. Hie reaction mixttue was 
cooled, diluted with ediyl acetate and washed with water, sauirated 
sodhmi chl<xide solution. After diying over anhydrous magnesium 
sulfate, the solvent was removed in vacuo to give a ciude pioduct which 
was purified on silica gel using 5% ethyl acetate in hexane as solvent to 
afifofd 9.8 g <tf die desired caitMunate as a thick oiL 

IH NMR (CDQa): 0.89(d,3H); 1.13(m,lH); l,35(m,lH); 1.5(m,lH); 
1.6(m,lH); 1.58(s,3H); 1.66(s,3H); 1.98(m,lH); 3.0(m.lH); 3.14(m,lH); 
5.06(m,lH); 5.08(:s.2H); 7.35(m,5H) 

Stet) B: 5fRVMethv1-l-hen7vln«vcarhnnvl.:?.pip..rirfnm. 

Ozone in oxygen (4%) was passed through a solution of 2- 
(R),6-dimethyl-l-benzyloxycaifoonylamino-5-heptene (9.8 g) in 150 mL 
of mediylene chloride at -780 C until the blue color persisted. Nitrogen 
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was then bubbled for 15 mins. 16 mL of dimethyl sulfide was added and 
the mixture was stined 1 hr as it warmed to room tempeianiie and then 
concentrated to give a residual oil. This was taken up in 100 mL of 
acetone and cooled in ice badi. Jones reagent was added dropwise until 
5 orange color was sustained AfterstiiTing30nus,4mLof isoprpopyl 
alcdiol was added and the mixdire was stirred for an additional 15 mins. 

Solvent was then removed in vacuo and the residue was stirred with 
water and ethyl acetate. The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate. The combined ethyl 
10 acetate extracts were dried over anhydrous miignesium sulfate and die 
solvent was removed in vacuo. The resulting residue was purified on 
silica gel using first 10% ediyl acetate in hexane as solvent to give 2.0 g 
of 5(R>methyl-l-benzyloxycarbonyl-2-piperidone as an oiL 

15 iH NMR (CDQa): 1.02(d3H); 1.45(m.lH); 1.87(m,lH); 1.94<m.lH); 
2.54(m,2H); 3.16(q,lH); 3.88(q.lH); 5.26(s3i); 7.36(m^H) 

Further ehition of die column with 1 % methanol in ethyl 
acetate gave 5.8 g of 3(R)-methyl-N-<ben2yloxycarix>nyl>N-formyl-4- 
20 aminobutanoic acid as a thick oil which can be utilized in the synthesis 
of 4-^)-2-imino-4-methylpynolidne. 

25 10% Palladium hydroxide on carbon (700 mg) was added to 

a solution of 4(R)-metfayl-l-brazyloxycarbonyI-2-piperidone (2.0 g) in 
40 mL of methanol and du mixture was hydrogenated on Pair shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed widi medufbol. The filtrate was concentrated to give 1.4 g of the 

30 crude product, which was purified on silica gel using 5% medianol in 
ediyl acetate as solvent to give 1 g of the desired lactam as a white solid 



iH NMR (CDa3): 1.0(d3H); 1.45(m.lH); 2.86(m,2H); 2.38(m,2H); 
2.9(q.lH); 3.3(q.lH)6.6(b,lH) 
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SteP D: 5(RVMethvl-?-iininnpip»ririin^ hvdrochlnrid«> 

The titte compound was synthesized from 5(R)-methyl-2- 
S piperidone according to the procedure described in Examples 2 and 3. 

IH NMR (DMSO): 0.93(d.3H); 1.34(m.lH); 1.76(m^; 2.54(q.2H); 
2.8(q.lH); 3.32(m.lH); 8.35(b.lH); 8.68(b.lH); 9.42(b.lH). 



5fS)-McthYl-?-iminonif)eridifii^ hvdmchinriA. 

The title compound was prepared by die mediod of example 89 
starting with (S)-citronellic acid. 



25 4fS)n ' ^ffi)-T>imfthYl-2-imino.nineridin^hvH«^hU.^rtff. 
Step AifSVritronellovl rhlnriH^. 

Oxalyl chloride (8.1 mL, 92 mmol) of was added to 14.4 g 
30 (83.75 mmol) of (SH^tronellic acid in 150 mL of mediylene chloride at 
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SteP C; 3r2rRyif.S> 7.Trifnethvl.^^nnyl V4mV^h^ny| n,^|hY|-y- 

oxazolidinnne 

55 mL (S5 mmol) of IM solution of sodium 
5 bis(trimethylsUyl)aimdc in THF was added dropwise to a solution of 15 j 
(45.4 mmol) of 3(3(S),7-dimcthyl-6-octcnoyl)-4(R)-plienylmethyl-2- 
oxazoUdinone in 120 mL of THF at -78 OQ. The reaction mixture was 
stirred 30 mins at that tempcnrture and 21 mL (333 mmol) of methyl 
iodide in 20 mL of THF was added dropwise. The resulting mixture was 
10 stiired 1 day at -78 ©C. After wanning to room temperature, the reacton 
mixuire was quenched with ammonium chloride solution and partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed witfi sodium thiosulfate solution, saturated sodium 
bicarbonate solution, brine and dried over anhydrous magnesium sulfate. 
15 Solvent removal afforded cssentailly pure desired methylated 
oxazolidinone derivative in quantitative yield. 

IH NMR (CDQa): 0.88(d. 2H); 1.13(d,3H); 1.58(s3H): 1.66(s,3H); 
2.75(q.lH); 3.26(q,lH); 3.68(m.lH); 4.15(m,2H): 4.63(m.lH); 
5.08(t,lH)7.25(m.5H) 

StenPr 2rRVy5;W-TriiTifthvl-^«^""-1-^^ 

A solution of 6.8 g (20 mmol) of 3(2(R)3(S),7-trimediyl-6- 
oclenoyl)-4(R)-phenyteiediyl-2-oxa2olidiiione in 30 mL of THF was 
added dropwise to a suspension of 1.634 g (43 mmol) of lithium 
aluminumhydridein40mLofTOFatOOC. The reaction mixture was 
then stirred 6 hat ambient temperature Hie reaction mixture was then 
recooled in ice bath and 5 mL of methanol was added dropwise very 
cautiously. After the effervescence subsided, the reaction mixftire was 
concentrated to about 30% of the original volume TTie reaction mixture 
was then stirred with sauirated solution of potasshun sodium tartrate and 
extracted witij etiiyl acetate. The combined ethyl acetate extracts were 
dried over anhydrous magnesium sulfate. Solvent removal afforded a 
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crade oil, which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 2.0 g (62%) of the desired alcohol as a colorless 
oil. 

5 iH NMR (CDQS): 0.78(d, 2H); 0.79(d^);1.6(s^H); 1.66(s.3H); 
3.44(q,lH); 3.54(q.lH); 5.1(t,lH) 

Step E: 2fflUfS).7-Trimethvl-6^ictim-l-methMie«.lfoni,te 

10 To a solution of 510 mg (3 mmol) of 2(R).3(S)J-trimethyI- 

6-octen-l-ol in 3 mL of pyridine at ice bath temporature 0.7 mL (9 mmol) 
of metiianesulf(Miyl chloride was dropwise added. The mixture was dien 
stined for 8 hrs at room temperature. After diluting with ethyl acetate, 
the reaction mixture was washed with saturated sodium bicaitonate, IN 

15 citric acid and water. After drying over anhydrous magnesium sulfate, the 
solvent was removed to give 722 mg of the desired mesylate as a yellow 
oil. 

iH NMR (CDQa): 0.8(d.3H); 0.87(d3H): 1.6(8.3H); 1.67(s3H); 
20 2.98(s.3H); 4.02(q.lH): 4.13(q,lH); 5.06(t,lH) 

975 mg (15 mmol) of sodium azide was added to a solution 
25 of 2(R),3(S),7-trimcthyl-6-octen-l-methane sulfonate (720 mg, -3 mmol) 
in 6 mL of N,N-dimethylfoimamide and the mixture was heated 
overnight at 80o C. The reaction mixture was diluted with ediyl acetate 
and washed several times witii saturated sodium chloride solution. After 
drying over anhydrous magnesium sulfate, the solvents were removed in 
30 vacuo to give crude azide as an oil This material was purified on silica 
gel using 30% ether in hexaoe as solvent to give 545 mg of the desired 
azide as a coloriess oil. 



t 
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lHNMR(CDa3): 0.78(d,3H); 0.84(<UH); 1.59(s,3H); 1.66(s.3H); 
3.1(q,lH); 3.21(q3H): 5.07aiH) 

StePG: 2fRVUSy7-Trini«^vl-l-i>mmn^nrt^^ 

5 

6.3 mL (6.3 mmol) of IM lithium aluminum hydride in THF 
was added dropwise to a solution of 2(R),3(S),7-trimethyl-l-azido-6- 
octene in 10 mL of THF at (P C. The reaction mixture was heated to 
reflux 18 hrs. After cooling in ice bath« ~ 1 mL of methanol was added 

10 dropwise cautiously. After die effervescence stopped, die reaction 
mixture was concentrated to 30% of die volume and IN solution of 
potassium sodium tartiste was added. After stirring 15 mins, die reaction 
mixture was extracted with ethyl acetate. The combined ediyl acetate 
layers were dried over anhydrous magnesium sulfate and die solvent was 

IS removed to give 399 mg of die desired amine as an oil. 

iH NMR (CDa3): 0.76(d,3H); 0.78(d.3H); 1.60(s.3H); 1.67(s,3H); 
2.49(q.lH); 2.62(q,lH); 5.1(t,lH) 

20 Step H; 2fB).3fS).7-Trimethv1-1-hen7vln»vr«rh onvlaiTi»nn.funrr«,P 

Separate solutions of 2(R).3(S),7-trimediyH-aniino-6- 
octene (0.87 g, 5.2 mmol) in 8 mL of dioxane, and benzyl chloroformate 
(0.86 mL» mmol) in 8 mL of dioxane were added dropwise 

25 simultaneously to a stirred solution of 1 .05 g (10.5 mmol) of potassium 
hydrogen carbonate in 20 mL of water at OP C. After die additions, die 
mixture was stirred 8 hrs at room temperature. Most of die vohttile 
solvents were removed in vacuo. The renuuning reaction mixture was 
extracted widi ediyl acetate. The combined organic phases were dried 

30 over anhydrous magnesium sulfate. Solvent removal gave die crude 
product which was purified on silica gel using 10% ediyl acetate in 
hexane as solvent to give 1.4 g of die desired cartiamate as a cbloriess oil. 
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iHNMR (CDQa): 0.77(d.6H); 1.18(m,lH); 1.3(m,lH); 1.5(m,lH); 
1.6(s,3H); 1.66(s,3H); 1.95(iiUH); 3.04(m,lH); 1.12(m.lH);4.7(b,lH); 
5.08(s & m,3H)7.34(iiUH) 

^ Step I; 4fS)..?fR)-Dimerhvl-6-ben2vloxvcarh o nv1flminn-h«| ^ H.1,ff | 

A stream of 4% ozone in oxygen was bubbled through a 
solution of 1.79 g (-6 mmol) of 2(R).3(S),7-trimethyl-l- 
benzyloxycarbonylamino-e-octene in 25 mL of methylene chloride at 

10 -780 C until blue color persisted. Nitrogen gas was bubbled through the 
reaction mixture at the same temperature for 15 min. 3 mL of dimethyl 
sulfide was added and the mixture was stirred 15 mins and then wanned 
to Oo c. The solvents and odier volatile materials were removed under 
house vacuum. Traces of solvent were then removed in vacuo to give 1.3 

15 g of the desired aldehyde as a thick oil. 

iHNMR (CDQa): 0,8(2d.6H); 1.48 & 1.54(m,4H); 2.42(m,2H); 
3.04(m.lH); 3.14(m,lH); 5.08(s;iH); 7.34<m,5H); 9.74(s.lH) 

20 Step J; 3ffl).4f,SVr>imethvl-l-hen7vioTv«»Annvi.9 1 a ^-^.t^hYflm^ 

azeping 



A mixtore of 1.2 g (-4.2 mmol) of 4(S)^(R)-dimethyl-6- 
benzyloxycarbonylamino-hexan-l-al. 1.26 mL (13.2 mmol) of acetic 
25 anhydride and 120 mg (1.2 mmol) of potassium acetate was heated at 160 
OC for 2 hours. Excess acetic anhydride was removed in vacuo and the 
residue was purified on siUca gel using 20% ethyl acetate in hexane as 
solvent to give -190 mg of the desired azepine derivative as an oil. 

30 iH NMR (CDa3): 0.95 & 1.0 (2d.6H); 2.0(m,lH); 2.17(m,lH): 

3.64(m.lH); 3.74(m.lH); 4.9(m.lH); 5.1(831); 6.6(m.lH); 7.35(m.lH) 

Step K; 3ffi)4n^Vnimrthvl-6-flii^«vlnTvr«|v«vnfnm,imiHo-|- 
nentanoicaciH 
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A stream of 4% ozone in oxygen was bubbled thiou^ a 
solution of 130 mg (0.5 nunol) of 3(R).4(S)-dimethyl-l- 
benzyloxycaibonyl-2,3.4,5-tetrahydroazepine in 5 mL of glacial acetic 
S acid at room temperature for 10 mins. 0.3 mL of 30% hydrogen peroxide 
was added and the mixture was heated to reflux 2 hrs. The solvent was 
removed and the traces were azeotroped widi toluene to give 100 mg of 
the desired acid as a thick oil. 

10 iH NMR (0X33): 0.76(d.3H); 0.87(d,3H); 1.9(m.lH); 2.0(m.lH); 
2.18(q.lH); 2.32(q.lH); 3.5(q,lH); 3.6(q.lH); 5.28(s.2H); 7.37(m.5H); 
9.26(s.lH) 

Step L; 3fS\4rRVDimr,dlvl-6-benzvloxvciiAonvliim»no.l-pentennic 
IS add 

A solution of 2N sodium hydroxide (0.4 mL, 0.8 mmol) was 
added to a solution of 90 mg (0.3 mmol) of 3(S),4(R)-dimethyl-6- 
(benzyloxycarbonyl)formamido-l-pentanoic acid in a mixture of 2 mL of 
20 methanol and 1 mL of water. This mixnire was heated 2 hrs at 60^ C. 
The reaction mixture was cooled and 0.4 mL of 2N hydrochloric acid was 
added. Solvents were removed and the residue was extracted with ethyl 
acetate. The organic layer was dried over anhydrous magnesium sulfate 
and the solvent removal afforded 62 mg of the desired add as an oil. 

25 

iH NMR (0X33): 0.82(d3H); 0.88(d,3H); 1.68(m,lH); 2.08(m,lH); 
2.2(m,lH); 2.35(ip,lH); 3.1(nUH); 5.1(2H); 7.3(m.5H) 

StenM: 4r5!VSn?^,nj^rt|Yl.2.pinerid»n^ 

30 

Ediyl chloroformate (0.048 mL, 0.5 mmol) was added to a 
solution of 3(S).4(R)-dimethyl-6-benzyloxycarbonylamino-l-pentanoic 
add (62 mg. 0.25 mmol) and triethylamine (0.07 mL. 0.5 mmol) in 2 mL 
of ediyl acetate cooled in ice bath. After stirring 1 hr, the solids were 
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Specific rotation = +25© (c=0.22, EtOH) 

EXAMPLE ?S 

5 




2-InunQ-5(>SVmethoxv-4fSVinethvl-pipcridine hydrochloride. 

10 

Step A: 5>0-f#frf-Blltvldimethvli»Uvl.2.3-dideo«v-n -gfacgr^peiit-2.ano- 
L4-lactone 

To a solution of 2.3-dideoxy-D-;()ic«n»-pent-2-eno-1.4- 
15 lactone (580 mg, 5.08 mmol) in dry NJ^-dimethylfoiinamide (DMF) (7 
mL) were added triethylamine (1.06 mL, 7.60 mmol) and 
4-dimethylaminopyridine (63 mg. 0.51 mmol). Hic reaction mixture was 
cooled in an ice-bath, and fm-butyldimethylsilyl chloride (1.02 g, 6.77 
mmol) was added. The mixture was allowed to attain room temperature 
20 and stirred an additional 3 hours. The mixture was then diluted with 
diethyl ether, washed with water, 2N hydrochloric acid, sanirated sodium 
bicaibonate solution, saturated biine solution, dried (Na2S04), and 
evapomted. This procedure was repealed with 600 mg (5.26 mmol) of 
2,3-dideoxy-I>-;(yctfr9-pent'2-eiio-l,4-kctDne. The two runs were 
25 combmed after wofkup. and the product was purified by flash 

chromatography eluting with 15% acetone m hexane. The resulting oil 
crystallized upon standing; yield 1.65 g (70%). 



iH NMR (400 MHz, CDQs): 5 0.03 (s, 3H), 0.05 (s. 3H), 0.85 (s, 9H), 
30 3.78 (dd. IH), 3.91 (dd. IH). 5.03 (m, IH), 6.14 (dd, IH), 7.48 (dd, IH). 
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Steo B: 23-Dideoxv-3-C-methv1-S-0-tert.butvldiine thvlsilvl.D-gntfArn- 
nentono-1.4-lactone 

To a vigorously stiired suspension of copper(I) bromide- 
5 dimethyl sulfide complex (7.42 g. 36. 1 mmol) in diethyl ether (80 mL) 
was added methyllithium (51 mL of a 1.4M solution in hexane, 71.4 
nunol) over 5-6 minutes. The resulting solution was cooled to -23''C 
(CCl4/dry ice bath), and a solution of 5-0-rerr-butyldimethylsilyl-2,3- 
dideoxy-D-gfyctfro-pent-2-eno-l,4-lactone (1.65 g, 7.22 mmol) was 

10 added in one portion. The suspension was stirred at -23X for 20 minutes 
and quenched by the cautious addition of saturated aqueous ammonium 
chloride (39 mL). The mixture was transferred to a separatory funnel and 
shaken vigorously to break down excess reagent. The organic layer was 
washed with saturated brine solution, dried (MgS04), and evaporated. 

15 The product was purified by flash silica gel chromatography eluting 
initiaUy with 5% ethyl acetate in hexane and subsequently with 10% 
ethyl acetate m hexane; yield 1.42 g (80%). 

iH NMR (400 MHz. CDQs): 6 0.04 (s.3H). 0.06 (s, 3H). 0.88 (s, 9H). 
20 1.16 (d.3H), 2.11 (dd, lH),2.52(m. lH).2.77(m. 1H).3.71 (dd, IH). 
3.82 (dd,lH). 4.08 (m.lH). 

Step C: 2 J-Dideoxv-3-C-methvl.D- ^ntfAro-pMitmio-l .4-1actong 

25 2,3-Dideoxy-3-C-methyl-5-C>-rtfrr-butyldimethylsilyl-D- 
e7yr/uv>-pentono-l,4-lactone (1.4 g, 6.13 mmol) was treated with tetra-n- 
butylammonium fluoride (8.7 mL of a l.OM solution in tetrahydrofiiran, 
8.7 mmol) for 90 minutes at room temperature. The reaction mixture was 
evaporated, and the crude product subjected to flash silica gel 

30 chromatography eluting initially with 15% acetone in hexane and 
subsequently with 25% acetone in hexane. Pure title compound was 
obtained as an oil; yield 710 mg (89%). 
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IH NMR (400 MHz. CDCI3): 6 1.16 (d, 3H). 2.21 (dd, IH), 2.50 (m. 
IH). 2,72 (dd, IH). 

SIEtHl ^ 5-trideoxv-3-r.methvl-r)-^rv//. ro-Dentnno-1 4- 

5 lactpne 

To a solution of 2,3-dideoxy-3-C-inethyl-D-ervrAfo- 
pcmono-l,4-lactone (490 mg, 3.76 nunol) in mediylene chloride (10 mL) 
cooled in an ice-bath were added 2.6-lutidinc (501 mL, 4.30 imnol) and 
10 trifluoromethanesulfonic anhydride (682 mL, 4.05 mmol). The reaction 
mixture was stined at O'C for 30 minutes, diluted with methylene 
chloride, washed with water, 2N hydrochloric acid, saturated sodium 
hydrogen carbonate solution, sanirated brine solution, dried (Na2S04), 
and evaporated. The crude product was taken up in DMF (6 mL) and 
treated with sodium azide (856 mg. 13.2 mmol) at room temperature for 
30 mmutes. TTie mixture was dUuted with ethyl acetate, washed with 
water, dried (Na2S04). and evaporated. The pure tide compound was 
obtained after flash chromatography eluting with 25% ediyl acetate in 
hexane; yield 358 mg (61%). 



15 



20 



IH NMR (400 MHz, CDQa): 6 1.15 (d, 3H), 2.21 (dd. IH). 2.42 (m, 
IH), 2.74 (dd, IH). 3.44 (dd, IH). 3.60 (dd. IH). 4.15 (m, IH); mass 
spectnun: 128(M+1-N2). 

P STEPR: yS>-Hvdmirv^5g^-Tn,>|^vl.:?.p|p^^^^^p 

A solution of 5-azido.2,3,5-trideoxy-3-C-methyl-D-«r>*Aro- 
pentono.l.4-lactone (358 mg, 2.31 mmol) in methanol (4 mL) was 
hydrogenated under a baUoon atmosphere of hydrogen gas in die 
30 presence of 10% palladium-on-charcoal (50 mg) overnight at room 
temperature. The catalyst was then removed by filtradon dirough CeHte 
and the fUter washed with methanol. The combined filtrate and washings 
were evaporated, and die resulting product crystallized upon standing: 
yield 128 mg (43%). * 



WOMn4S44 



PCT/US9M4ai2 



-134- 

iH NMR (400 MHz, CDCI3): 6 1.03 (d. 3H). 2.05 (m. IH), 2.17-2.28 (m. 
2H). 3.27 (dd, IH). 3.40 (dd, IH). 3.86 (m. IH); mass spectrum: 130 
(M+1). 

5 

STEP F; 2-Imino-5fS Vinedioxv-4f SVmethvl-piperidini. hydrochloride 

To a solution of 5(S)-hydioxy-4(S)-methyl-2-piperidoiie 
(1 19 mg, 0.921 mmol) in methylene chloride (3 mL) was added 

10 trimethyloxonium tetrafluoroborate (285 mg. 1.93 mmol). The reaction 
mixture was stinred for 24 hours at room temperature. Thin-layer 
chromatography (10% MeOH/CH2Cl2) indicated the formation of two 
more mobile products: the 5-methoxy-4-methyl imino-methyl ether and 
the 5-hydroxy-4-ni^yl imino-methyl ether. The mixture was diluted 

15 with ethyl acetate, washed with saturated sodium hydrogen carbonate 
solution, saturated brine solution, dried (MgS04). and caiefiilly 
evaporated (bath temperature <1S*C) to avoid loss of the volatile imino 
ethers. The crude product mixture in ethyl acetate was lulled to a 
column of silica gel (packed as a slurry in 4% methanol/CH2Cl2)- Rapid 

20 elution with 4% methanol/CH2a2 afforded the 5-mcthoxy-4-methyl 
imino-mediyl ether (yield - 16.7 mg), and subsequent elution with 10% 
MeOH/CH2Cl2 afforded the 5-hydroxy-4-methyl imino-methyl ether 
(yield ~13.6 mg). Evaporations of the column fractions containing 
product was performed with extreme caution to avoid loss of the volatile 
25 imino ethers. 

TTie 5-metiioxy-4-methyl imino-metiiyl etiier (-16.7 mg) 
was treated with ammonium chloride (4.5 mg) for 4 h in refluxing EtOH 
(2 mL). The reaction mixture was eviqx»ated, and the resulting solid 
dried in vacuo; yield 14.3 mg. 

30 

iH NMR (400 MHz. CDCI3): 5 1.10 (d. 3H). 2.12 (m. IH). 2.40 (dd. 
IH). 2.53 (dd. IH). 3.40 (s. 3H). 3.52 (m. IH). 3.67 (dd. IH). 



Mass spectrum m/e s 143 QA+1). 
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EXAMPLE 9fi 




NH Ha 



2-Imino-5fSVhvdmxv.4rS%methvl-p»pimd»nehvdrnchloride 

10 llieS-hydioxy-4-methyl-iiiiino methyl ether from Step F of 

Example 95 (-13.6 mg) was treated with ammonium chloride (4.4 mg) in 
refluxing EtOH (2 mL) for 4 h . The reaction mixture was evaporated, 
and resulting solid dried in vacuo\ yield 9.5 nog. 

15 iH NMR (400 MHz, CDQa): 8 1.10 (d. 3H). 2.08 (m. IH) ,2.47 (dd, 
IH). 2.55 (dd, IH), 3.40 (dd, IH). 3.50 (dd. IH), 3.93 (m, IH). 

Mass spectrum m/e - 129 (M-f 1). 



25 2-Imino-^f.SVmeihoxv-4fRV.inethvl-pineridin e hydrochloride 



EXAMPLE 07 




SlfiDiA; 2J-Dideoxv.3-C-niethvl.S-n-tert-butvldiincthvl««lvl-n- 

y^rgo-Dentono.l.4-lactone 
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The title compound was pitjpand according to die method 
described by S. Hanessian and PJ. Murray for die conesponding S-0- 
tert-butyldiphenylsilyl derivative [Tetrahedron: 43, 5055-5072, 1987). 

5 iH NMR (400 MHz, CDQa): 8 0.04 (s. 3H); 0.05 (s. 3H); 0.87 (s, 9H); 
1.17 (d, 3H); 2.37 (dd, IH); 2.48 (dd. IH); 2.71 (m. IH); 3.78 (dd. IH); 
3.83 (dd,lH); 4.40 (m.lH). 

2lfiILfil 2.3-Dideoxv-3-C-methvl-D-f/iri?o-pcntomwl4-l^rfftTlff 

10 

2,3-Dideoxy-3-C-mediyl-5-0-teit-butyldimediylsilyl-D-fAre(7- 
pentono-1.4-lactone (1.8 g. 7.36 mmol) was treated witfi tetia-n- 
butylammonium fluoride (9.8 mL of a 1.0 M solution in tetrahydiofiiian, 
9.8 mmol) for 90 minutes at loom temperature. The reaction mixture was 
15 evaporated, and die crude product subjected to flash chromatography 
eluting with 25% acetoneAiexane; yield 795 mg (83%) of a colorless oil. 

SSS^ 5-A2ido-2.3.5-trideoxv.^.^-nlethvl-D-fllr^/» -neIltono-14- 

lactone 

20 

This compound was prepared in a similar manner as Step D of 
Example 95 starting widi 2,3-dideoxy-3-C-nicthyl-I>.rAreo-pentono-l,4- 
lactone (795 mg, 6.1 1 mmol). The title compound was obtained as an oil 
after flash chromatognq)hy eluting widi 25% ediyl acetate in hexane; 
25 yield 575 mg (61%). 

iH NMR (400 MHz. CDQs): 8 1.09 (d. 3H); 2.31 (dd, IH); 2.66 (dd, 
IH); 3.50 (dd, IH); 3.57 (dd, IH); 4.54 (dd, IH). 

30 Step D: 5rS^HvdmTv-4n tVmethvl Apipiiririm,.. 

A solution of 5-azido-2,3,5-trideoxy-3-C-mediyl-D-r/ir«o- 
pcntono-l,4-lactone ( 361 mg, 2.33 mmol) in ethyl acetate (23 mL) was 
hydrogenated at 40 psi in the presence of 20% palladium hydroxide on 
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caibon (42 mg) for 2 houn at room temperature. The catalyst was 
removed by filtration through a pad of Celite. The fUtrate was 
evaporated, and the residue taken up in toluene (25 mL) and methanol (2 
mL) and heated for 24 hours at 100*C. The mixtme was evaporated, and 
5 the crude product recrystallized fix>m hot ethyl acetate; yield 160 me 
(53%). 

iH NMR (400 MHz, CD3OD): 5 1.04 (d. 3H); 1.95 (m. IH); 1.99 (dd. 
IH); 2.53 (dd, IH); 3.08 (dd, IH); 3.41 (dd. IH); 3.60 (m, IH). 

10 

S!SB£i 2-Imino-5fflVtnethoirv-4rP^-m^thvl-pperiHmi> 

hvdmchlnrir^ff 

To a solution of 5(S)-hydroxy-4(R)-methyl-2-piperidone 
15 (157 mg. 1 .22 mmol) in methylene chloride (4 mL) was added 

trimethyloxonium tetrafluoroborate (376 mg. 2.54 mmol). The reaction 
mixture was stifled for 24 hours at room temperature. Thin-layer 
chromatography (10% methanol/CH2a2) indicated the formation of two 
more mobile products: die predominant product bemg the 5-methoxy-4- 
20 methyl-imino-methyl edier followed by a smaOer amount of the 5- 
hydroxy-4-mediyl-imino-methyl etiier. The mixture was dUuted with 
ethyl acetate, washed witii saturated sodium hydrogencarbonate solution, 
saturated brine solution, dried (MgS04), and carefully evaporated (bath * 
temperature <15'C) to avoid loss of die vohitile imino cfliers. The etude 

25 PKHtoct mixture was subjected to flash siUca gel chromatography (pack^ 
as a slurry in 4% median61/CH2a2). Rapid elution widi 4% 
inethanol/CH2a2 afforded the 5-niedioxy-4-metfiyl-imino-mediyl etiier. 
Subsequent elution widi 10% metiianol/CM2a2 afforded die 5.hydroxy- 
4-mediyl-imino-mediyl edier. Evaporations of tiie column fractions 

JO containing product were performed with extreme caution to avoid loss of 
the volatile imino ethos. 

The 5-methoxy-4-niediyl-imino-mediyl ether was tieated with 
ammonium chloride (32 mg, 0.60 mmol) in refluxing edianol (4 mL) for 4 h. 
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The cooled reaction mixture was evaporated, and the resulting solid dried in 
vacuo; yield 61 mg. 

iH NMR (400 MHz. CD3OD): 5 1.08 (dd. IH); 2.23 (m, IH); 2.32 (dd. IH); 
5 2.81 (dd. IH); 3.38 (dd. IH); 3.40 (s. 3H); 3.42 (m. IH); 3.55 (dd. IH) 

Mass spectrum m/e = 143 (m -i-l). 



10 EXAMPLE Q« 

^U'^NH Ha 

2-Imino-5ffl)-hvdmyv-4^^Vme^hvl-pipi>ridinc.hvdrnchlnriA» 

15 

The 5-hydroxy-4-mediyl-imino-methyl ether from Step E of 
Example 97 was treated with ammonium chloride (16 mg, 0.30 mmol) in 
refluxing ethanol (3 mL) for 4 hours. The cooled reaction mixture was 
evaporated. The solid was taken up in medianol, and the product crystallized 
20 out upon addition of diethyl edier, yield 22 mg. 

iH NMR (400 MHz. CD3OD): 5 1.08 (d. 3H); 2.01 (m. IH); 2.33 (dd. IH); 
2.85 (dd. IH); 3.19 (dd. IH); 3.54 (dd. IH); 3.71 (m. IH). 

25 Mass spectrum m/e = 128 (M +1). 



EXAMPLE 9Q 
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NH HO 



2-Immo.5fS^-flcetvln«v.4mVmethvl -pineridinehvdrnghl»rida 

5 SmAl 5(SVAcetvloxv.4fR^.inethvl-2-piperidonc 

5(S)-Hydroxy-4(R)-mcthyl-2-pipcridonc (43 mg, 0.33 
mmol) was treated with pyridine (0.5 mL) and acedc anhydride (0.3 mL) 
overnight at room temperature. The mixture was evaporated and 
10 coevaporated several times with toluene. Flash silica gel chromatography 
eluting with 2% med)ano]/C:H2a2 gave pure title compound; yield 17.7 
mg. 

iH NMR (400 MHz. CD3OD): 5 1.04 (d. 3H); 2.08 (s, 3H); 2.09 (dd, 
15 IH); 2.21 (m. IH); 2.58 (dd. IH); 3.22 (dd. IH); 3.56 (dd, IH); 4.83 (m. 
IH). 

Stfiafi; 2-ImilH>-5(SVacetvloxv-4rRVinethvl.piiieridine hvdmchloride 

20 To a solution of 5(S>-acetyloxy-4(R)-methyl-2-piperidone 

(17.7 mg, 0.103 mmol) in methylene chloride (1.5 mL) was added 
trimethyloxonium tetrafluoroborate (16.8 mg, 0.1 13 mmol). The reaction 
mixture was stirred for 18 hours at room temperature. Hie mixture was . 
diluted widi ediyl acetate, washed with saturated sodium 

25 hydrogencaibonate solution, saturated brine solution, dried (MgS04). and 
carefully evaparated (bath temperature <15X) to avoid loss of die 
volatile imino ether. The residue was treated witii ammonium chloride 
(4.4 mg. 0.082 mmol) in refluxing ethanol (1.5 mL) for 3 hours. The 
reaction mixture was evaporated and triturated widi ethyl acetate. Hie 

30 resulting solid was filtned. washed widi ethyl acetate, and dried in vacuo. 
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iH NMR (400 MHz, CD3OD): 8 1.09 (d, 3H); 2.08 (s, 3H); 2.26 (m. 
IH); 2.45 (dd, IH); 2.89 (dd. IH); 3.37 (dd. IH); 3.69 (dd, IH). 

Mass spectnim m/e s 171 (M +1). 

5 



2-lminft-3f.S) 4fRVO-iSQProDV1idene-5rRVacctvlo»v. piperidine hvdwvrhlnr^rt ,. 
3ai).4fRU)-TiOTPronvlidgn#>-SngVaci.tvln»y.9-pf|^^|^^ 

15 A solution of 5(R)-azidomethyl-3(R),4(R)-0-isopropylidene- 

dihydro-2(3H)-funmone [prepared according to Herdcis and Waibcl, Arch. 
Pharm: 324. 269-274 (1991)] (460 mg. 2.16 mmol) in methanol (12 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the presence of 
20% palladium hydroxide on cazboo (75 mg) for 4 hours at room temperanire. 

20 The catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 \ua). The filtrate was evi^orated, and the resulting solid dried in 
vacuo. The solid was treated with acetic anhydride (2 mL) and pyridine (3 
mL) until thin layer chromatography (10% methanol/CH2G2) indicated 
complete conversion into a more mobile product. The reaction mixnire was 

25 evaporated and coevaporated several times wid) toluene. The product was 
purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2. Pure title compound was obtained as a solid; yield 185 mg 
(37%). 



EXAMPLE 100 




9^ 



NH Ha 



30 SSSSlS: 2-IminQ-3(S).4fRV(>lsonronvliHene.5mVacetvlnYv-pi|v»«Hi.^f> 

hydrochloride 
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To a solution of 3(R),4(R)-0-i8opn)pylid«ic-5(R)-acetyloxy-2- 
piperidone (99 mg, 0.432 inmol) in methylene chloride (3 mL) was added 
trimediyloxonium tetxafluoioboiate (70 mg, 0.473 mmol). The reaction 
5 mixture was stirred for 18 hours at room temperature. Hie mixture was 
diluted with ethyl acetate, washed with saturated sodium hydrogencaibonate 
solution, saturated brine solution, dried (MgS04), and carefiilly eviq[)orBted 
(bath temperature <15®C) to avoid loss of the volatile imino ether. The residue 
was treated with ammonium chloride (18.4 mg, 0.344 mmol) in refluxing 
10 ethanol (4 mL) for 5 hours. The reaction mixture was evaporated, and the 
residue triturated widi a mixture of ediyl acetate and diediyl ether. The solid 
was filtered, washed with diethyl ether, and dried in vacuo. 



IH NMR (400 MHz, CD3OD): 5 1.44 (s, 3H); 1.48 (s, 3H); 2.08 (s, 3H); 3.48 
15 (dd, IH); 3.57 (dd, IH); 4.73 (dd, IH); 5.00 (d, IH); 5.32 (m, IH). 

Mass spectrum m/e s 229 (M -fl). 



20 



EXAMPLE 101 



o 




J-CH3 

p 



2-Tmino-3fSV4(R).5fRVtriacetvloxv-piperidine hvdrochloride 



25 



SSSS^ 3rR).4fRV5rRVTriacetvloxv-2.piperidone 



3(R),4(R)-0-Isoprq>ylidene-S(R)-acetyloxy-2-piperidone (80 mg, 
0.349 mmol) was treated widi 90% aqueous trifluoroaoetic acid until thin-layer 
30 chromatognqriiy (TLC) indicated complete disappearance of starting material. 
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20 



25 



The reaction mixture was evaporated and coevaporated several times with 
toluene. The residue was treated with pyridine (1 mL) and acetic anhydride 
(0.7 mL) until complete conversion into a more mobile product by TLC. The 
reaction mixture was evaporated and coevaporated several times with toluene. 
The product was purified by flash silica gel chromatography eluting with 2% 
methanol/CH2Q2; yield 48.2 mg (51%). 

iH NMR (400 MHz, CDCI3): 5 2.06 (s, 3H); 2.12 (s, 3H); 2.14 (s, 3H); 3.52 
(m. 2H); 5.30 (td. IH). 5.50 (d, IH); 5.69 (m. IH); 5.76 (br s» IH). 

SSS^Ml 2-Iniino-3fSV4fR>.5rRVtrii»rPfvloTV-nip«>riHin ehvdmchlnriHi. 

To a solution of 3(R).4(R),5(R)-triacctyloxy-2.piperidone (46.7 
mg, 0.171 mmol) in methylene chloride (2 mL) was added trimethyloxonium 
tetiafluoroborate (28 mg. 0.189 mmol). TTie reaction mixture was stiired for 
1 8 hours at room temperature. The mixture was diluted with etiiyl acetate, 
washed with saturated sodium hydrogencarixmate solution, sauirated brine 
solution, dried (MgS04), and carefully evaporated (batii temperature <15«C) 
to avoid loss of the volatile imino etiier. The residue was treated with 
ammonium chloride (6.8 mg, 0.127 mmol) in refluxing etiianol (2.5 mL) for 4 
hours. The reaction mixture was evaporated, and die resulting solid dried in 



IH NMR (400 MHz. CD3OD): 5 2.03 (s, 3H); 2.09 (s, 3H); 2.12 (s, 3H); 3.43 
(dd. IH); 3.51 (dd. IH); 5.40 (m, IH); 5.61 (d, IH); 5.68 (m, IH). 



Mass spectrum m/e s 274. 



EXAMW.R 109 




NH HCI 
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Ctf-Decahvdro-2-iiiiinoquinoline hydrochloride 
Step A: cis-OctahvdroquinoUn-2nm-one 

5 A suspension of Ig of 3,4^,6,7,8-hexahydio-2( IH)- 

quinolinone in 1: 1 mixtuie of dioxane and ethanol was hydrogenated in 
piesence of 250 mg of 10% palladium on carbon at 60 psi and room 
temperature for 4 hours. Thecatalyst was filtered on a bed of filtered 
and washed with dioxane-ethanol mixture. The filtrate was concentrated 
10 to give a residue which was purified on silica gel using ethyl acetate as 
solvent to give 510 mg of the desired product containing about 10% 
trans-isomer. Recrystallization from hexane did not improve the isomer 
ratio. 



15 iH NMR (CDQa): 3.49(m.lH); 2.33(m.2H)1.2-2.0(m,llH) 
SteiLB:_ci.f-Decahvdra-2-iminonuino1iiig hvdrochlflride 

The title compound was synthesized as described in examples 2 and 3 
20 from cisK>ctahydroquinolin-2(lH)-one. 

iH NMR (DMSO): 3.49(m,lH); 2.53(m,2H); 1^5-2.0(m,llH); 
8.16(b.lH); 8.7(b.lH); 9.65(b.lH) 

25 

EXAMPLR 10^ 
30 fEgni-Decahvdro-2-iminoQuinoline hydrochloride 



Step A: rrfln.t.QctahydroquinQlin.2f1H^-nn«> 
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A mixture of Ig (6.62 mmol) of 3.4.5.6,7,8.-hexahydro- 
2(lH)-quinolinone. 2.8g (41 mmol) of sodium fonnate and 5 mL of 
fonnic acid was heated to reflux fori day The reaction mixture was then 
cooled and 20% sodium hydroxide solution was added to make it basic. 

5 This mixture was then extracted widi ethyl acetate. The combined ethyl 
acetate extracts were dried over anhydrous magnesium sulfate and the 
solvem was removed to give a crude product. This was purified on silica 
gel using ethyl acetate as solvent to provide 752 mg of the desired 
product with about 10% of the cis- isomer. Recrystallization of this 

0 material fiom cyclohexane did not improve the ratio of die isomers. 

iH NMR (CDQa): 2.88(m,lH): 2.4(m^H)1.0-1.9(m.llH) 
. Step B ; rr f W , T-PccahvdiT>-?-iniinoauinolini> h vdrochlnriHp 

The tide compound was syndiesized from trans-octahydroquinolin- 
2(lH)-one as described in examples 2 and 3. 



4(S)-McthYl-4nf S).7a(.SVnrTtlvdm-2-iminn-1 -pyrin dine hvrimrh|^ f|y 

and 4(RVMerhvMarB^ 7,n?^-p p rh T fim-%imin^i-pyrinrtiii r 

hvdmchlnyl^ft 




EXAMPI P in4 



25 




30 
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A mixture of 1 g of 2-hydroxy-4-methyl-6,7-dihy<lro-5H-l- 
pyrindine (prepared according to A. Sakurai and H. Midorikawa, Bull 
Chem Soc Japan, 41, 16S, 1968) and platinum oxide (0.5g) in SO mL of 
glacial acetic acid was hydrogenated on a Parr shaker at room 
5 tBnq)erature and 50 psi for 2 days. The catalyst was filtered and washed 
with acetic add. The filtrate was concentrated to give fht desired lactam 
as a white solid after purification on silica gel using 2% methanol in eAyl 
acetate as solvent 

10 Step B: 4fSVMethvl-4afSV7a(SVperhvdro-l-pvriiidin-2-one and 4mV 
Methvl-4afRV7afRV.perfivdro.l .pyrindin-2-one! 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD column using 
15 90:10 hexane:isopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-metiiyl-4a(S),7a(S)-peifaydro-l-pyrindin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),7a(R)- 
periiydropyrindin-2-one. 

20 iH NMR (Cnxaa): 5.45(b.lH); 3.8(m.lH);1.4-2.3(m.lOH); 0.96(d.3H) 

Step C: 4fSVMethvl-4afS17afSVperhvdm-2-imino-l-pvrindine 
hydrochloride and 4fRVMethvl-4a(R^.7afRVp«hydro-2-iinino-l. 
pvrindinehvdmchlnridft 

The title compounds were prepared according to the method 
described in Examples 2 and 3. The stereochemical assignments for 
diese two compounds were confirmed by x-ray structure detennination. 

iH NMR (CP30D): 3.9(m,lH); 1.4-2.5(m, IH); 1.06(d,3H) 

4(S)-Methyl-4a(S),7a(S)-peifaydn>-2-imino-l-pyrindine hydrochloride 
specific rotation = -I-53.950 (c = 0.215. EtOH) 
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4(R>Methyl-4a(R)Ja(R)-perhydro-2-imino-l-pyrindinehydn)cMOT 
specific rotadon = -54.550 (c = 0.22, EtOH) 

EXAMPLE 10^ 




4fS)-Methvl-4af.S),8af.SVdecahvdm-2.iniinnqninnlin,. hvdmchlnriHp 
4ai)-MethvMan^).8«n^Vdficahvdm.2Jm«nfxiuinnKni>hvHmrhl^^^^ 

10 

Step A: 4n^H-SVMefhvi-4arR.kSi«i.n?4.sv^ecahvd»vjin».Tlinff-?-mir; 

A mixture of 2-hydiDxy-4-methyl quinoline (Ig) and 
platinum oxide (O.Sg) in 50 mL of glacial acetic add was hydrogenated 
15 on a Pair shaker at room temperature and 50 psi for 2 days. The catalyst 
was ffltered and washed with acetic acid. TTie filtrate was concentrated to 
give the desired lactam as a white solid after purification on siUca gel 
using 2% medianol in ediyl acetate as solvent 

20 Step B; 4fSVMftthYl-4afflV8ar.S)-d«:flhvdmq,«innlin- 2^ni. and dOlX. 

Methvl-4a(R).8arRVd«v«hvdmq»iinniin.7.^l>; 

The mixture of enantiomers obtained from the step A was 
sq»aiated into its chiral components usiqg OuralCel OD column using 

25 90: 10 hexane:i80propanol mixture as solvent on HPLC The&ster 
moving enantiomer was 4(S)-metiiyl-4&(S).8a(S)-decahydioquinolin-2- 
one and die slower moving enantiomer was 4(R)-mediyl-4a(R),8a(R>- 
decahydioquinolin-2-one. 



30 iH NMR (CDQa): 5.42(b.lH); 3.6(m,lH); 2.3(m.lH); 2.0(m.lH): 1.1- 
1.7(m.8H);0.96(d^H) 
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Step C: 4fSVMethvl-4afS^.8flfSVdeciihvdro-2-iminoquino1ine 
hydrochloride and 4fl^VMethvl-4afR18a(RVdficahvdro-2-iminoquinoline 
hydrochloride 

The tide compounds was prepared according to the method 
S described in Examples 2 and 3 and tfie assignment of stereochemisdy 
was confimed by x-ray crystal structure d^ermination. 

iH NMR (CD30D): 3.68(m,lH); 2.6(m, IH); 2.3(m,lH); 2.1(m,lH); 
1.25-1.96(m,9H); 1.04(d.3H) 

10 

4(S)-Methyl-4a(S),8a(S)-decahydrD-2-iminoquinoline hydrochloride 
specific rotation s +12.310 (c = 0.195. EtOH) 

4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline hydrochloride 
IS specific rotations. 12 JO (c8sO^,EtOH) 



20 



25 



EXAMPLE 106 
/^O H 

^'-^U'^NH HCI 

2-Tmino-octahvdro-QuinoHn-6r5HVoiie-6-ethylene ketal hydrochloride 
Step A: 3.4.7.8-Tetiahvdro-ouinolin-2f lHV6fSHVdione-fi.ediylene ketal 



A solution of 1,4-cyclohexanedione monoethylene ketal (10 
g, 0.64 mol) and pyrrolidine (1 1.6 mL, 0.13 mol) in toluene (50 mL) was 
heated at reflux for 2 h collecting water in a Dean-Stark trap. Half the 
volume was distilled off and the reaction cooled to room temperature. To 
30 the mixture was added a solution of actylamide (10.9 g. 0. 15 mol) in 
N.N-dimethylacetamide (25 mL) and the mixture heated at 78 'X)! for 18 h 
and 135 "C for 4 h. The reaction was cooled, water (100 mL) was added 
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and the mixture stirred 0.5h. The mixture was extracted with methylene 
chloride* dried (Na2S04), and evaporated. The solid was triturated with 
ether, collected and dried to give the title compound. 

5 lHNMR(a)a3):5l -2.65 (m.lOH); 3.88-4.05 (m.4H); 4.80 (m.4H); 
7.70 (b,lH) 

Mass spectrum m/e s 2 (M-f-1) 

10 StgpB: 3.4.4a.7.8.8a-Hexahvdro-guinolin-inK.-iy^! r|ionft-6^thyl<ifM> 
ketal 

A suspension of 3,4,7.8-tetrahydro-quino' :(1H)-6(5H)- 
dione-6-ediylene ketal (0.5 g, 2.39 mmol) in ethanol (. iL) in the 
15 presence of 5% rhodium / alumina (0.5 g) was hydrogenated at 50 psi for 
2.5 h. The catalyst was removed by filtration through Cfclite and 
evaporated to give the title compound. 

iH NMR (400 MHz, CDCI3): 6 1.45-2.45 (m.llH): 3.55 (m,lH); 3.94 
20 (m,4H); 5.74 (b,lH); 5.95 (b,lH) 

Mass specmmi m/e s 212 (M-fl) 

Step C: 2-Tmino-ocr«hvdm.quinoi«n-^^H^wwi».^ihyiftnff \^^t^\ 
25 hvdrochloride 

To a solution of 3,4,4a.7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-cdiylene ketal (100 mg, 0.47 mmol) in methylene chloride 
(2 mL) was added trimediyloxonium tetmfluoioborate (77 mg, 0.52 

30 mmol) and the mixture stirred at room temperature for 18 h. The reaction 
mixture was diluted with ediyl acetate (25 mL), neutralized with 
saturated sodium carbonate, the aqueous layer washed with ethyl acetate, 
and the combined oiganics washed with brine, dried (Na2S04) and 
evaporated below room temperature to give a crude oil. TTie oil was taken 
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up in ethanol (2ml), ammonium chloride (18mg, 0.33mmol)was added 
and the mixture refluxed for 3 h. The reaction mixture was evaporated to 
dryness, the residue triturated with ethyl acetate and purified by flash 
chromatogn^hy using (80:20:2) acetonitrile: water, acetic acid as eluant 
5 to yield the title conqmund. 

iH NMR (400 MHz. CD3OD): 6 1.60-2.73 (m.1 IH); 3.63 (m,lH); 3.93 
(m,4H) 



10 Mass spectrum m/e s 21 1 (M-fl) 



15 



20 



EXAMPLE 107 

^"^^U^NH Ha 

2-Tfninfvnctahvdro-quinolin-6f5HVone hydrochloride 
Step At H«iihvdrtvquinoHn-2f lHVfir5m-dione 



A solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylrae ketal (prepared as described in Example 106,Step 
B), (300 mg, 1.42 mmol) in 80% acetic acid / water (8 mL) was heated at 
65 for 1 h, evaporated to dryness, and coevaporated with toluene to 
25 give a solid. Purification was accomplished by flash silica gel 

chromatogn^hy using 3% methanol / methylene chloride as eluant to 
give the title con4)ound. 



iH NMR (400 MHz. CDO3): 6 1.60-2.50 (m. 1 IH); 3.78 (m,lH); 6.60 
30 (b.lH) 



Mass spectnmi m/e - 168 (M+l) 
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StCT B; 2-fniino-orrahvrirtvquinnH,^.fT(?P^onft hvA^h^llridf 

The above compound was prepared in a similar fashion as 
5 Example 106, Step C, but substituting hexahydn)-quinolin-2(lH).6(5H)- 
dione in place of 3,4.4a,7.8.8a-hexahydro-quinolin-2(lH)-6(5H)-dione-6- 
ethylene ketal to yield the title compound. 

iH NMR (400 MHz, CD3OD): S 1.70-2.64 (m,10H); 2.73 (m.lH); 3.97 
10 (m,lH) 

Mass spectnmn m/e ss 167 (M+1) 



EXAMPT.F 



XXX 

^ 2-Imino-frarfftylQXY-rw-dffrahvdrfiqninf^]ln^ h ydm^HlnH^t. 

Step A; gis-M4n.7.8.8a-HexahvdrfwiuinnKn-')r]HVfTfTO rfir n r fi 

ethylene lr<^m| 

'"^ealx've compound was prepared in a similar feshion as 
25 Example 106. Step B. but was fractionally ciystallized 60m ethyl acetate 
to give greater than 96% cis isomer as the title compound. 

400MHz • H NMR (CDCI3): S 1.45-2.45 (m. 1 IH); 3.55 (m. IH); 5.80 (b. 
la) 

30 

Step B; ns-HnrBhvdm niiinoim-?nH^ frf^H) Ttirrnr 
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The above compound was piepared in a similar fashicm as 
Example 107» Step A, to give the title compound. 

iH NMR (CDQa): 5 1.70-2.50 (m. IIH); 3.78 (m. IH); 6.57 (b, IH) 

5 

Step C; 6-Hydroxy-cis-(4a.8aVwtahydro-qHinQlin-2f IBVonc 

To a solution of cis-hexahydro-quinolin-2(lH),6(5H)-dione 
(50 mg, 0.30 mmol) in methanol (1 ml) cooled to 0 **€ was added sodium 
10 borohydride (11 mg, 0.30 mmol) and the solution stined for 0.5 h. Water 
(0.25 ml) was added and the reaction mixture was evirated to give die 
crude title compound. 

iH NMR (400 MHz, CD3OD): 5 1.32-2.00 (m,10H); 2.28 (m,2H); 3.54 
15 (m,lH);3.64(m,lH) 

Step D: 6-Acetvloxv-cis-(4a.8a^-octahydro-quinQlin-2nHVQne 

To a mixture of crude 6-hydroxy-cis-(4a,8a)-octahydro- 
20 qumolin-2( lH)-one (203 mg, 0.86 mmol) in methylene chloride (5 mL), 
was added pyridine (2.8 mL), acetic anhydride (1.4 mL), and 4- 
dimethylaminopyridine (23 mg). After 6 h the reaction mixture was 
diluted with methylene chloride (50 mL). washed with water, saturated 
sodium bicarbonatB, brine, dried (Na2S04), and evaporated to give a pale 
25 yellow solid. It was subjected to flash chrdmatognqshy using 2% 
methanol / methylene chloride as eluant to pvc the tide c(mipound. 

iH NMR (400 MHz, CDCI3): 6 1.56-2.02 (m, 12H); 2.35 (m. 2H); 3.55 
(m, IH); 4.75 (m,lH); 5.74 (b.lH) 

30 

Mass spectrum m/e s 212 (M+1) 



Step E: 2-Imino-6-acetvloxv-cM-decahvdroquinoline hydrochloride 
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The above compound was prepared in a similar fashion as 
Example 106, Step C. but substituting 6-acetyloxy-cis-(4a.8a)-octahydio- 
quinolin-2(lH)-one in place of 3.4,4a.7,8,8a-hexahydio-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal to yield the title compound. 

IH NMR (400 MHz. CD3OD): 5 1.50-2.20 (m.l2H); 2.65 (m,2H); 3 64 
(m.lH);4.80(m.lH) 

Mass spectrum m/e s 21 1 (M+l) 



30 



EXAMPLR ino 

^^[j^NH HCI 

2-Iin i nft-(hhy(lroxY-m-dcrahvd«iq.iinniin^^ Yfl rrT r hliTrit 1 

Ammonia gas was bubbled to a solution of 2-imino-6- 
acetytoxy-cis-decahydroquinoline hydrochloride, prepared previously as 
dcscnbed in Example 108. Step E. (38 mg. 0.15 mmol) in methanol (2 

ml) at 0 for 5 min. The reaction flask was stoppered and stirred at 0 »C 
for 3 h and at room temperature for 72 h. The reaction was evaporated to 
diyness and purifted by flash cfaiomatogtaphy using (80:16 2) 
acetonitrile: waten acetic add as eluant to give die tide compound. 

IH NMR (400 MHz. CD3OD): 5 1.28-2.13 (m.lOH); 2.63 (m.2H); 3 60 
(m.lH); 3.68 (m. IH) 

Mass spectrum m/e = 169 (M+1) 



EXAMPrRSiinni 
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NH Ha 



NH HCi 



2-IininO-^-fnfthoyv-ris-Perhvdro-Pvrindene hydro chloride fRxample 
11Q> and 2-iinin(v5-hvdroxv>cis-iierhvdrp-pvrindene hvdmchlnriri«» 
5 (Example 1 in 

Step A; 3.4.6.7-Tfttrahvdro-nvrindene.yiH^<>-Hioni. 

A mixture of 1,3-cyclopentanedione (20 g, 0.20 mol), 
10 aciylamide (29 g, 0.41 mol), and p-toluenesulfonic acid monohydiate 
(2.3 g, 0.01 mol) in NJ^-dimethylacetamide (20 mL) was heated at 85 *C 
for 18 h and 150 X for 3 h. The reaction mixture was cooled, water (100 
mL) was added and stirred for 0.5 h. Methylene chloride (100 mL) was 
added, the layers were separated, the aqueous layer washed with 
15 methylene chloride, the combined organics dried (Na2S04) and 

evaporated to give a gum. Purification by flash chtomatogiaphy using 2% 
methanol / methylene chloride as duant gave the tide conqmund. 

iH NMR (400 MHz, CDCI3): 6 2.52 (m, 4H); 2.62 (m. 4H); 8.32 (b. IH) 

20 

Mass spectrum m/e s 152 (M+1) 

StepB: 5-Hvdroxv-cis-perfivdm-pvrin den.2f1HVnii«. 

25 A suspension of 3,4,6,7-tetrahydro-pyrindene-2(lH)-5-dione 

(2.8 g, 0.19 mol) in edianol (150 mL) in the presence of 5% rhodium / 
alumina was hydrogenated at 50 psi for 18 h. The catalyst was removed 
by filtration through Celitc and evaporated to give the title compound. 



30 1 H NMR (400 MHz. CDCI3): S 1.69-1.95 (m. 7H); 2. 14-2.33 (m. 2H); 
2.47 (m, IH); 3.74 (m. IH); 4.33 (m.lH); 4.33 (m,lH); 6.04 (b. IH) 



wo 96/14844 



PCTAJS9S/14812 



-154- 

Compound A: 2-Iinino-S-methoxv-cis-DerfavdfO-pvrindene hydrochloride 
Compound B: 2-Iinino-5-hvdroxv-cis-peihvdrQ-pvrindene hydrochloride 

The above compounds were prepared in a similar fashion as 
5 Example 106, Step C, but substituting 5-hydroxy-cis-peifaydro-pyrinden- 
2(lH)-one in place of 3.4,4a,7.8,8a-hexahydn>-quinolin-2(lH)-6(5H)- 
dione-6-ethylene ketal. Purification by flash chromatography using (80: 
8: 2) acetonitrile: water: acetic acid as a eluant separated the above two 
title compounds A and B; 

10 

Compound A: 1h NMR (400 MHz, CD3OD): 5 1.70-2.10 (m,8H); 2.47 
(m,3H); 2.70 (m,lH); 3.85 (m. 2H) 

Mass spectrum m/e = 169 (M+1) 

15 

Compound B: 1h NMR (400 MHz, CD3OD): 8 1.70-2.10 (m,7H); 2.34- 
2.52 (m,2H); 2.75 (m.lH); 3.85 (m,lH); 4.29 (m.lH) 

Mass spectrum ro/e = 155 (M+1) 

20 



EXAMPLRin 



NH HO 

25 EXAMPLRin 
L-776,009-001V 

2-IminQ-5-hvdrQXV-4a-methvl-trans-f4a.8aVdecahydroquinoline 
hydrochloride 

30 

Step A; 4a-Methvl-3.4.6.7-tetrahvdro-Quinolin-2nm.5f4aHVdinn« 
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Hie title compound was obtained from 2-niethylcyclohexane-l,3- 
dione and aciylamide by the method described in example 1 10, step A. 

iH NMR (CDQS): 7.77 (br, IH), 5.14 (dd. 1 H), 2.78 (m. IH), 2.58 (m, 
5 2H). 2.53 (m, IH). 2.43 (m. 2H). 2.04 (m. IH). 1.80 (m, IH). 1.38 (s, 
3H). 



Mass spectrum m/e = 180 (M+1) 

10 

Step B: 5-Hvdroxv-4a-methvl-trans-r4a.8a^ -octahvdrn-quinolin-2nHV 
one 

The title ccmipound was obtained from 500 mg of 4a-methyl- 
15 3.4,6.7-tetrahydro-quinolin-2(lH).5(4aH)-dione by the method described 
in example 1 10. step B with the fr>llowing additions: The crude solid was 
purified by silica gel chromatography on a 21 x 130 nam column duting a 
gradient from 0 to 5% methanol in methylene chloride to afford 185 mg 
of the tide compound. 

20 

iH NMR (CDC13): 5.64 (br. IH). 3.37 (dt. IH). 3,08 (dd, IH). 2.47 (m. 
2H), 2.11 (m. IH), 1.80 (m. 2H). 1.57 (m. 2H). 1.46 (m. 4H). 0.95 (s. 
3H). 



25 Mass spectrum m/e s 184 (M+l) 



30 



hvdrochlonde 

The title compound was obtained from 180 mg of 5-hydroxy-4a- 
metfayl-tians-(4a.8a)-octahydro-quino]in^2(lH)-one by the method 
described in examples 2 and 3. 
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iH NMR (CD3OD): 3.36 (dt, IH). 3.12 (dd. IH). 2.70 (dd. 2H), 2.08 (1 
IH). 1.83 (m. IH), 1.70 (m. 2H). 1.57 (m, 2H). 1.44 (m, 2H). 0.87 (s. 
3H). 

5 Mass spectrum m/e « 183 (M+l) 



EXAMPIJin 



10 




?-IminQ-.Vflyftl^^-mfthvl-cis-f4a.8al-Hprahvdr>^..innli^ e hvdmrhlnrir^ff 
Step A; .mioro-5-methvl-ris-f4iL8aV«^hvHrn,ouinoiin-?rim-n^ 

To a solution of 150 mg (0.82 mmol) of 5-hydroxy-4a-methyl- 
trans-(4a,8a)-octahydro-quinolin-2(lH)-one in 2 mL methylene chloride 
at 0 OC was added 0.108 mL (0.82 mmol) diethylaminosulfiir trifluoride 
dropwise. After stirring for one hour, apply reaction mixture directly to a 
20 21 X 300 mm silica column and purify by eluting with 20% 

acetone/methylene chloride to afford 55 mg of the title compound as a 
4:1 mixture of cis:trans diastereomers. 

iH NMR (CDCI3): 6.19 (br. IH). 3.31 (dt, 1 H), 2.51 (m. IH), 2.28 (m, 
25 IH), 2.21-1.90 (m, 5H), 1.85-1.50 (m, 4H), 1.40 (d, J « 22 Hz, 3H). 

Mass spectrum m/e 186 (M+1) 



30 SteoB: 2-Tmt 
hydrochloride 



luinoline 
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The title compound was obtained from 55 mg of 5-fluoiD-5- 
methyl-cis-(4a,8a)-octahydro-quinolin-2(lH)-one by tiie method 
described in Exanq>les 2 and 3. 

5 iH NMR (CD3OD): 3.57 (dt, IH), 2.67 (m, 2H), 2.20 (m, 2H), 2.08 (m, 
IH), 1.95 (m, IH), 1.88-1.68 (m, 5H), 1.44 (d, J = 23 Hz. 3H). 

Mass spectrum m/e s 185 (M+1) 



15 5-Acetoxv-2-imino-ds-f4a.8aVdecahvdroquinoline hydrochloride 
Step A: 5-Acetoxv-cis-(4a.8a)-octahvdroquinolin-2f im-one 

To a solution of 100 mg (0.59 mmol) of 5-hydroxy-cis-(4a,8a)- 
20 octahydioqumoUn-2(lH)-one (prepared as shown in Example 110, Step 
A and B) in 1 mL pyridine at 25 OC was added 0.046 mL (0.65 mmol) 
acetic anhydride and 8 mg dimetfaylaminopyridine. After stining for 16 
hours, apply reaction mix directly to a 21 x 130 mm silica cohmm and 
purify by eluting a gradient from 0 to 5% methanol/methylene chloride to 
25 afford 80 mg of the title compound as a cis raconate. 



iH NMR (CDCI3): 6.19 (br, IH), 4.88 (m. IH), 3.41 (m, 1 H), 2.47 (m, 
IH), 2.35 (m, 2H). 2.05 (s, 3H), 1.77 (m, 5H), 1.45 (m. 2H), 1.30 (m, 
IH). 



10 



EXAMPLE 114 




NH HQ 



30 



Mass spectrum m/e = 212 (M4-1) 
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20 



25 



30 



hvdrnchlftnrfff 

Tlic title compound was obtained fiom 80 mg of 5-acetoxy-cis- 
(4a.8a)-octahydroquinolin.2(lH)-onc by the method desciibed in 
examples 2 and 3. 



^HNMR (CD30D): 4.94 (dt, IH), 3.59 (dt, IH). 2.73 (dt. IH), 2.62 (m. 
10 IH). 2.40 (m. IH), 2.04 (s. 3H). 1.89 (m, 2H). 1.86-1.71 (m. 4H). 1.53 
(m, 2H). 



Mass spectrum m/e = 21 1 (M+1) 



EXAMPTPi]*; 

HO 

'^^^^^^^^^ Ha 

To a solution of30mg (0.14 mmol) of 5-acetoxy.2.imino-cis- 
(4a.8a)-decahydroquinoline hydrochloride in 1 mL methanol at 0 ©C was 

added ammonia gas by bubbling in through a needle. After stilling for 64 
houi^. apply reaction mix direcUy to a 8 x 50 mm silica column and 
punfy by eluting 80:16:4 acetonitrile/water/acetic acid to afford 15 me of 
the title compound as a cisracemate. 

Im^ 1^^°^^' ^'^^ 3-^2 (dt, IH), 2.74 (dt. IH). 2.58 (m. 

2.21 (m. IH). 1.93 (m. 2H). 1.77 (m. 2H). 1.66 (m, 2H), 1.35 (m. 



Mass spectrum m/e = 169 (M+l) 
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EXAMPLE 116 

^^1^^-^^^^^^ HCI 

^-ImiPO-OCtahvdrQquinoUn-7(8HVone-7-ethvlene ketal h ydrochloride 
Step A: Y-Acetvl-V.ethoxvpinip.1nnifri1i. 



To a 50 mL roimd bottom flask fitted with a Teflon stiner 
were added 13 gm (100 mmol) of ethyl acetoacetate. 15 mL of teit- 
butanol and 7.5 mL of benzyltrimediylaiiimoiiium hydroxide (Triton B^, 
40 % by weight) in methanol. The solution was cooled to 4 OC with ice 

15 and added dropwise over 10 min 10.6 g (100 mmol) of aaylonitrile 

keeping the solution temperature <20 ©C. The reaction was stirred for 4 h 
at 25 OC. The product falls out of solution and the mixture became a 
solid mass. Cold water (100 mL) was added to suspend the precipitate 
and filtered. The crystalline product was washed with 2X 20 mL of ice 

20 water and dried under reduced pressure at 60 oC overnight to recover 
18.5 g (78%) of product 



iH NMR (400 MHz. 01X33) 6 1.30(t. 3a J=7 Hz); 2.1-2.4(m. 8H); 
2.19 (s. 3H): 4.27 (q, 2H. J=7 Hz). 

Step B: 3.4.4a.5-TetrahvdrfKiiiinnlin.2ritn.7rfiHW<inn^ 



This procedure is taken from C. F. Koelsch et al. J. Am. 
Chem. Soc, 1959, 72, 346. Y-Acetyl-y^thoxypimelonitrile (18.5 g) was 
30 treated with a hot solution (120 ©C) of 41 mL of concentrated sulphuric 
acid and 18 mL of water. After heating at 140 OQ for 15 min, the 
solution was poured into 200 mL of ice water with mechanical stirring 
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and added CaCOa until the pH> 6.0. The precipitated CaS04 was 
filtered and washed with 3X 100 mL of water. The water was removed 
under reduced pressure and the residue was reciystallized from boilii^ 
water to recovered 4.5 g (36%) of product; (Ut. yields 42%). mo=233- 
5 235 oc(Ut = 234-235 

IH NMR 400 MH2(CDa3) 5 1.55-1. 85(m.2H); 2.0-2.1(m, 1H);2.15- 
2.25 (m, IH); 2.35-2.7 (m, 5H); 5.40 (s. IH); 7.90 (bs, IH). 



15 



20 



25 



A mixture of die vinylogous imide 3,4,4a.5- 
tetrahydn)quinolin-2(lH)-7(6H)-dione (1.30 gm. 7.9 mmol) . ethylene 
glycol (4.7 mL). p- toluenesulphonic acid (100 mg), and benzene (200 
mL) was heated under reflux with stirring using a Dean Stailc water 
separator for 40 h. After the solvert was removed under reduced 
pressure, the resulting residue was extracted with chloroform. The 
extract was washed with saturated NaHCOa and brine, evaporated to give 
a solid which was chromatographed on silica gel (95/5 - 01202/ 
MeOH). Oiromatography gave 980 mg of pioduct. Yield=60%. 

IH NMR (400 MHz. CDQs) 5 1.7.1.8(m. 3H); 2.0.2.1(m. IH); 2.1-2.2 
(m. 5H); 2.4.2.5(m. 2H); 3.97 (s. 4H); 7.28 (bs. IH). 

StenD; Hp,^y 



The product of step C (980 mg, 4.7 mmol) was 
hydrogenated over 5% Rhodium/alumina (1.0 g) in 10 mL of ethanol at 
30 50 psi for 18 h. The catalyst was filtered from the solution and the filtrate 

pressure. The solid was chromatographed on 
ahca gel (97/3 - 01202/ MeOH) and 570 mg of the desired pioduct was 
recovered along widi 150 mg of starting material, mp=171-173o. 
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iH NMR 400 MHzCCDCls) 5 1.4-2.3 (m. 9H); 2.4-2.55(m. 2H); 3.75(m. 
lH);3.9(bs.4H);6.2(bs,lH). 

Step E; 2-Methoy Y-heTahvdro-Quinolin-7fflm-nni»-7.^t^Ylf ffif Hnl 

In a 10 mL round bottomed flask fitted with a stirrer bar 
were added 100 mg of 3A molecular sieves (Linde), 4 mL of methylene 
chloride and 162 mg of trimethyloxonium tetrafluoroborate (1.1 mmol) 
andcis-octahydro-quinoline-2-one,7-ediyleneketaI(211 mg, 1.0 mmol). 
10 TTie mixture was stirred under N2 for 4 h at 22 OQ. The solution was 
dUuted with 10 mL of CH2CI2 and washed witfi 2 x 5 mL of 5% 
NaHC03. TTie oiiganic layer was dried over MgS04, filtered, and 
concentrated. Recovered 190 mg of a cream colored soUd which by 
NMR was the desired product 

15 

iH NMR 400 MHz(CDCl3) S 1.3-1.65(m, 5H); 1.8-1.9(m. 3H); 
2.03(ddd, IH, J=14H2, J=7Hz, J=3H2); 2.2 (m. 2H); 3.61 (s. 3H); 
3.77(bd.lH); 3.9-4.0 (m.4H). 

20 Step F; 2-Tmino-Qctahvdronnino]in-7f«H w.7- e thvien«. ir«>i«i 

hvdrochlnriHft 

In a 25 mL glass pressure bottle fitted with a Teflon stirring 
bar were added iminoether (180 mg, 0.8 mmol). ammonium chloride (39 
25 mg,0.72mmol)and2mLofethanol. Hie tube was sealed and heated at 
100 OQ oveniight. The solvent was removed in vacuo and added ethyl 
acetate when the product precipitated. The soUd was filtered and dried to 
recover 120 mg of the hydrochloride salt. 

30 iH NMR 400 MH2(CD30D) 6 1.55-1.62(m, IH); 1.63-1.88(m, 5H); 
1.925 (d, IH, J=2H2); 1.936 (d. IH, J=2Hz);2.1(m, IH,); 2.65(dt. 2H, 
J=10Hz.J=2.5H2);3.77(m,lH). 



Mass Spectrum m/e = 207 (M+1). 
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EXAMPLE117 



5 




2-Iinino-octahvdro-oiiinolin-7r8HVone hydrochloride 
Step A: cis-Qctahvdromiinnlin-?nm.7r8m-dinne 

10 

Hexahydro-quinolin-2( lH),7(8H)-dione,7-ethyleneketal . 
(160 mg, 76 mmoL) was suspended in 5 mL of 2N HCl and stined 
overnight at room temperature. Then solid K2CO3 was added to 
neutralize the solution. ITie solvent was removed under reduced pressure 
15 and the residue extracted with chloroform. The CHCI3 solution was 
concentrated under reduced pressure and the residue lectystallized from 
EtOAc and hexane. Recovered 1 10 mg of product 

lHNMR(400MHz.CDa3)8l.8-2.1(m,5H);2.3-2.45(m.5H); 1.65 
20 (dd, IH, J=17Hz. J=6H); 3.95(m. IH); 6.15 (bs, IH). 

StepB: 2-Methoxv-hexahvdm-q«iinnTin.7rffl)-ftnf 

This product was made by the procedure described fw step 
25 E of example 1 16. 

iH NMR (400 MHz, €003) 6 1.75-1.9(m. 4H): " l-2.17(m, IH); 2.19 
(t. IH. J=6Hz); 2.30(t. IH, J=6 Hz); 2.41 (dd.lh . ;=16 Hz, J=7 Hz); 2.67 
(dd,lH. J=14 Hz. J=5 Hz); 3.58 (s, IH); 3.89 (m, IH). 

30 

Step C: 2-Tmino-OCfahvdrn-oiiinn1in-7fflHVnni» hvdmrhlnrirfp 
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This product was made by the procedure described for step F 
of example 116. 

iH NMR (400 MHz, CD3OD) 6 1.9-2.0(m, 3H); 2.04(m, IH. J=7Hz); 
5 2.4-2.5 (m, 3H); 2.58(dd. IH. J=12 Hz. J^7 Hz); 2.65-2.8 (m. 3H); 4.0- 
4.07 (m, IH). 



7-Agmim-?r-iniino-mins-f4a.8aVdex:ahvfirrviuinni»n..h 

1^ Step A: 7-HYdrQXV-OCtahvdm-trans.(4a «a^-^n i nnlifi.?Yim-nnft 

3.4,4a,5-TetrahydroquinoIm-2(lH)-7(6H)-dione (2.92g, 17 
mmol) was added to a smaU Pan pressure botUe with 220 mg of platinum 
oxide and 75 mL of acetic acid. Hie solution was pressurized to 50 psi 

20 with H2 and shaken for 18 h. The catalyst was removed by filtration and 
the acetic acid stripped off under reduced pressure. Two major products 
were observed by ILC (97/3 CH2Cl2/MeOH). The lower Rf material, a 
mixture of 4a.8a- cis and trans ring junction 7-ors (400 n^) was isolated 
by column chromatography (97/3 CH2a2/MeOH). This material was 

25 further purified by recrystallization fiom ethyl acetate whereupon the 
trans-4a.8a-ring junction -7-ol crystallized out of solution (7-OH 
configuration unknown). 

lHNMR400MHz(CDCl3)8 1.05-1.15(m. IH); 1.2-1.7(m. 5H); 1.7-1.8 
30 (m. 2H.); 1.95-2.15 (m. 2H); 2.3-2.5 (m. 2H); 2.65 (bs. IH. -OH); 2.95 
(m, IH); 3.7 (m. IH); 6.45 (bs. IH). 



EXAMPLR118 




Step B; 7"ACfifVlOXV-OCt«hvHitvtran>ur4i, Rii^ffl n olin-irim-nn,. 
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7-Hydroxy-octahydro-tfans-(4a,8a)-quinolin-2(lH)-one(89 
mg, 0.82 mmol) was dissolved in 5 mL of pyridine. After cooling to 4 

oc acetyl chloride (1 16 ^L) was added dropwise with stirring. The 
5 reaction was stirred 20 minutes, the solvent was removed in vacuo, then 
added 10 mL of CH2CI2 and washed with 2x2 mL of 2 N HCl. The 
organic layer was dried over MgS04. The filtrate was reduced in volume 
and chiomatographed (97/3 CH2Cl2/MeOH) to give 51 mg of the title 
compound. 

10 

iH NMR (400 MHz, CDCI3) 6 1.2(dq. IH, J=12 Hz, J=3Hz); 1.3-1.5(m, 
5H); 1.75-1.85 (m. 2H,); 2.01 (s, 3H); 2.0-2.05 (m,lH); 2.1-2.15 (m, IH); 
2.3-2.5 (m, 2H); 3.0 (m. IH); 4.7 (m, IH); 6.25 (bs, IH). 

15 Step C: 7-Acetvloxv-2-methoxv-octahvdm-trans-f4a.8a^-qmnnline 

7-Acetyloxy-octahydro-trans-(4a,8a)-quinolin-2(lH)-one 
was converted to the above compound as previously described in step E 
of example 116. 

20 

iH NMR (400 MHz. GDQs) 6 1.0-1.2(m, 2H); 1.22-1.35(m. IH); 1.35- 
1.45 (m, 2H.); 1.72-1.8(m, 2H); 2.02 (s. 3H); 2.2-2.3 (m, 2H); 2.4-2.5 
(m.lH); 2.85-2.9 (m, IH); 2.95 (m. IH); 3.61 (s, 3H); 4.82 (m, IH). 

25 Step D; 7-Acetvloxv-2-imino-tnins-f4a,8aVdecahvdmqmnnlitiP. 

hYclrochlOTdc 

7-Acetyloxy-2-methoxy-octahydn>-trans-(4a,8a)-quinoline 
was converted to the title compound as prevously described in step F of 
30 example 116. 

iH NMR (400 MHz. CD3OD) 5 1.25-1.35(m, IH); 1.4-1.55 (m, 4H.); 
1.85-1.95(m. 2H); 2.02 (s. 3H); 2.0-2.15 (m.lH); 2.33-2.4 (m. IH); 2.7- 
2.8 (m, 2H); 3.1-3.2 (m. IH); 4.8-4.9 (m, IH). 
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H( 



NH HQ 



5 



7-Hvdroxv-2-imino-trans-r4a.8aVdecahvdroqmnoline. acetic acid salt 

7-Acetyloxy-2-iimno-trans-(4a,8a)-<iecahydroqiiinoline 
10 hydrochloride (28 mg, 0.12 mmol) was added to 1 mL of m^ianol in a 2 
dram vial. The solution was cooled to 4 and ammonia gas was slowly 
bubbled in with vigorous stining. The vial was sealed and the solution 
let stand at 4 ovonight The next moming, the solvent was removed 
under reduced pressure and the residue chromatognqdied over silica gel 
15 (17/2/1 - acetonitrile/water/acetic acid). The title compound was 
recovered (R^.25. 7mg). 

iH NMR (200 MHz, CDCI3) 6 1.20-1.60(m, 5H); ; 1.8-1.9(m, 2H); 
1.95-2.1 (m,2H); 2.3-2.4 (m. IH); 2.7-2.8 (m, 2H); 3.1-3.2 (m, IH) (9P- 
20 proton); 3.6-3.8 (m, IH). 

Mass Spectrum m/e s 169 QA+l) 



25 



EXAMPLES 




7-Acetvloxv-2-imino-decahvdroquinoline. acetic acid salt 



30 



Step A: 7-Acetvloxv-octahvdrp.qmnoHn-2nHWme 



WOM/14844 _ 

PCT/DS9Sn48U 



166- 



10 



mo 1 Afi '^■"y*^*y-°^^y*o-q"inolm-2(lH)^ne. ((3/7 ratio), 250 
mg, 1.48 mmol) was recovered from the mother liquois from the Pt02 
catalyzed hydrogenation of 3.4.4a,5-tetrahydroquinoIin.2(lH).7(6H). 
dione (example 1 18 step A), nus material was acetylated with acetic 
anhydnde (2.4 mL) and 4-(dimethyIammo)pyridi„e (40 mg) in pyridine 

i4.» mL) at OOC. After 6h.no starting material was seen by TLC The 
solvent was removed under reduced pressure. Methylene chloride (100 
mL) was added to the residue ^rhich wa. , «juentiaUy washed with 3x 25 
mL of water 2x 25 mL of 5% sodium bicarbonate, and 2x 25 mL of 
hrme. Afte- diymg over MgS04, the solution was filtered and reduced in 
volume. Chromatography (96/4 CH2Cl2/MeOH) gave 160 mg of a 60/40 
mixture of cisArans isomers (by NMR). 

IH NMR (400 MHz, CDCI3) 5 2.007 (s,3H) (cis acetyl); 2.013 (s,3H) 
(trans acetyl); 3.0 (m,lH); 3.75 (m.lH). 

StgpB; 7-ArrtYloyv ? mnthoTv-n.fj,hy^TT^,^i„^||„^. 

7-Acetyloxy-octahydro-quinolin-2(lH)-one (120 mg) was 
!^^'*~''^ "^""^"^ ^ P^*^^i°"^»y d««^ribed in Step E of 

to th. ritt. ^"^''^'°^y-2-««*<>>^y-octahydro^ol^^ was converted 
to the title compound as prevouslydescribedmstepFof example 116. 



15 



20 



30 



Mass Spectrum m/e = 21 1(M+1). 
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^ NH HCI 

2-Iinino-3-Methvl-octahvdnvci8-pvnmo/A3.fe/-pvridinehvdrocW 

5 Step A: Benzvl-rtetrahvdro-pvran-4-ylidene)-aiiime 

A solution of tetiahydiD-('W>-pyran-4-one (10 g, 100 
mmol), ben^lamine (10.7 g, 100 mmol), and SO mL of toluene was 
heated to reflux with a Dean-Staik trap under N2 for 20 h. The mixture 
10 was cooled and tte solvent removed under reduced pressure. The residue 
was distilled under reduced pressure (10S-107O 0.09mm Hg) and 5.6 g of 
product was isolated, yield=30%. The bulk of the reaction mixture 
polymerized during distillation. 

15 iH NMR (200 MHz, CDCI3) 6 2.5 (q,4H, J=8 Hz); 3.73-3.83 (t, 2H, 
J=8Hz); 3.85-3.95 (t, 2H, J=8Hz); 4.58 (s,2H); 7.2-7.4 (m, 5H). 

Step B; l-Benzv1-3-methvl-L3.4.5.7.8-hexahvdro-pvrano/4.3-/>/pvridin- 
2-one 

20 

To a solution of benzyl-(tetrahydro-pyran-4-ylidene)-amine, 
(950 nig, 5 mmol) in a glass waU pyrolysis tube was added methyl 
methaaylate (750 mg, 7.5mmol, 1.5 equiv). This mixture was heated for 
5 days. Then another 1.5 g of methyl methacylate was added (15 mmol, 
25 2 equiv) and heating continued for 4 more days. The mixture was 
transferred to a round bottomed flask and the volatile component 
removed under reduced pressure. The residue was chromatographed 
(80/20 hexane/ethylacetate) and a lower Rf spot (530 mg, UV active on 
fluorescent treated silica gel plate) was isolated. 

30 

iH NMR (400 MHz, CDCI3) 6 1.25(d,3H, J=7 Hz); 1.9-2.0 (m. IH); 2.1- 
2.17(m, 2H); 2.1-2.17(m. IH); 2.6-2.7 (m, IH); 3.68-3.75 (m, IH); 3.75- 
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30 



3.83 (m, IH); 4.06 (q. 2H. J=:14 Hz); 4.72 (d.lH. J=16 hZ); 4.92 (d IH 
J=16 Hz); 7.12 (d. IH. 1=7 Hz); 7.20 (t. IH. J=7 Hz); 7.25-7.29 (m. 3H). 

StgPC; l-Ben7Vl-^-m«>thvl-octehvHro- <;is-nvn.nn/^ ^-fe/nvridin-^-^ jl^ 

l.Benzyl-3-methyl.l,3,4.5,7.8-hexahydro-pyrano[4,3- 
b]pyridin-2-one (570 mg, 22.2 mmol) was dissoved in ethanol (10 mL) 
and placed in a smaU Pair pressure flask containing 270 mg of 5% 
rhodiuni/Al203. This mixture was pressurized to 60 psi and shaken for 
10 20 h. The catalyst was filtered and the filtrate reduced in volume Three 
separate spots were observed by TLC (65/35 hexane/ EtOAc). Hie UV 
acdve derivative was isolated by flash chromatography (90 mg) and 
shown to be the desired product by NMR. 

IH NMR (400 MHz. CDCI3) 8 1.30 (d.3H. J=7 Hz); 1.7-1.8 (m. IH); 

I'^i^^lf^r'^r^^' •'^'^ 2.45.2.55 (m. IH); 3.24 (dt. IH. 

' 3.48(dd. IH. J=16 Hz. 1=2 Hz); 3.77 

« ; f iL"^^* ^'^^^ ''"^^ ^'^ IH)' 5.27 (d. IH. J=15 
nz); 7.2-7.35 (m. 5H). 

Step P; VMfrhy]-ortflhvfiro-ci5i-pvr^n^T^-^,r^-/'/pyrirfin-7-ffnf 

^"^®"^^''^""*^y^'***^y*^^-P3^of4,3-b]pyri^^^ 
one (90 mg. 0.35 mmoL) was placed in a 25 mL 3-neck flask fitted with a 
Teflon stirrer bar. gas inlet valve and a dry ice condenser. The flask was 
nushed with N2 and ammonia was condensed into the flask (15 mL) 
Then sodium metal was added portionwise mto the solution until a blue 
color just persisted (-25 mg). After 1 h. 30 mg of ammonium chloride 
was added. The ammonia gas was allowed to evaporate. 3 mL of water 
was added and the resultant solution extracted with CH2a2. The organic 
layer was dried over MgS04, filtered and the residue chomatographed on 
silica gel (98/2 CH2Cl2/MeOH) to recover 22 mg of product 



20 



25 
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iH NMR (400 MHz, CDCI3) 5 1.18 (d.3H. J=10 Hz); 1.7-1.85 (m. 4H); 
2.0-2.1(m. IH); 2.35.2.45 (m. IH); 3.35-3.4 (m. IH); 3.5-3.6(m, IH); 
3.62 (dd,lH. J=12 Hz. J=3 Hz); 3.77(d.lH. J=12 Hz); 3.75-3.80 (m. IH). 



5 StepE: 2-Methoxv-3-methvl-hexahvdro-cis f^fnpvrann/^.i-fe/pvridine 

3-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (22 mg, 
0.14 mmol) was converted to the imino ether by the method as previously 
described in step E of example 1 16 to recover 20 mg of product 

0 

iH NMR 200 MHz(CDa3) 5 1.14(d,3H, J=7 Hz); 1.3-1.5 (m, IH); 1.6- 
1.9 (m, 5H); 2.2-2.4(m. IH); 3.37 (dt, IH. 1=12 Hz, J=2 Hz); 3.5-3.62 (m, 
IH); 3.61 (s, 3H); 3.6-3.7(m, IH); 3.8-3.9 (m. IH). 



15 StepF: 2-Inuno-3-Methv1-oc tahvdKw;ii^■pvrano/4 ?-/>7- pvrirfifii> 
hydrochloride 



2-Methoxy-3-methyl-hexahydro-cis(4H)pyrano[4.3- 
bjpyridine (20 mg, 0.1 mmol) was converted to the above compound as 
20 prevously described in step F of example 1 16. 

iH NMR (400 MHz, CD3OD) 8 1.18-1.25 (m, IH); 1.36 (d.3H, J=7 Hz); 
1.7-1.9(m. 4H); 2.0-2.1 (m, IH); 2.8-2.9(m. IH); 3.425 (dt. IH. J=12 Hz, 
J=3 Hz); 3.65-3.7 (m, IH); 3.6-3.7(m, IH); 3.7-3.8 (m, 2H); 3.9 (m, IH). 

25 

Mass Spectrum (M-t-l)=191. 



EXAMPLE 112 

30 
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2-Imino-4-methYl-oaahvdro-pvranoA^.3-l>/nvridinP h ydrochloride^ 

Step A: l-Ben?;vl-4-fnftthvl-1.3.4.5.7.«-hexahvdm-pY ^o/4.3-fc?pvridit,- 
2-one 

5 

To a solution of benzyl-(tetrahydio-pyran-4-ylidene)-aimne, 
(5.0g. 26 nunol) in a glass wall pyrolysis tube was added methyl 
ciotonate (40g, 260 mmol, lOequiv) and heated for 7 days. The mixture 
was transfered to a round bottomed flask and the volatile component 

10 removed underreduced pressure. The mixture was chromatographed 
(75/25 hexane/ethylacetate) to give three spots. The hightest Rf material 
was the Michael addition adduct of benzyl amine to mediyl crotonate. 
The next lower Rf spot is 4-methyl-1.3,4,4o^,7-hexahydro-pyranoM3- 
*7pyridin-2-ylidene-aniine, the 8,8a unsaturated analog of the bicyclic 

15 pyran while the lowest Rf product is the desired intermediate (900 mg. 
3.5 mmol) 

iH NMR (400 MHz. CDCI3) 5 1.02 (d,3H, J=6 Hz); 2. 1-2.2 (m, IH); 
2.25-2.35(m. 3H); 2.70 (dd.lH, J=12 Hz. J=6 Hz); 3.65-3.70 (m, IH); 
20 3.75-3.85 (m, IH); 4.10 (q. 2H. J=14 Hz); 4.65 (d.lH. J=16 Hz); 5.01 
(d,lH. J=16 Hz); 7.1-7.3 (m, 5H). 

StepB; 4-McthYl-l 34^7.8-hexahvdro.nvraiinM ?-/,/pvridin-7-^n^ 

25 l-Benzylr4-methyl-U.4^.7.8-hexahydio-pyranoM5- 
£>;pyridin-2-one (800 mg, 3.2 mmol) was debenzylated accoiding to the 
the method of example 121, step D to recover 190 mg of pioduct. 

iH NMR (400 MHz, CDCI3) 8 1.02 (d,3H, J=6 Hz); 2.14 (m, 2H); 2.27- 
30 2.35(m. 2H); 2.61 (dd,lH, J=12 Hz, J=6 Hz); 3.81(t, 2H. J=9 Hz); 4.10 
(q,2H.J=14hZ). 



SteoC: 4-Mp.thvl-ortahvdrfw.i^. 



/4.J-fr/pYridin-?,-ftnfr 
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4-Methyl-13,4,5J,8-hexahydrc)-pyrano[4.3-b]pyridin-2-one 
(210 mg, 1.25 mmol) was hydiogenated using 5% rhodium on alumina as 
prevously described in example 121 step C for l-benzyl-S-methyl- 
octahydro-cis-pyrano[4,3-b]pyridin-2-one. Recovered 61 mg of product. 
5 The NMR indicated approximately a 9/1 ratio of the p/a 4-methyI 
product. 

iH NMR (400 MHz. CDQa) 5 0.99 (d.3H. J=6 Hz); 1.53 (d. IH. J=18 
Hz): 1.95-2.1 (m, 4H); 2.34 (dd,lH. J=18 Hz, J=6 Hz); 3.44 (t, IH. J=12 
10 Hz); 3.53 (t. IH. J=12 Hz); 3.7-3.78 (m. 2H); 3.80 (dd. IH. J=12 Hz. 
J=5Hz); 6.35(bs.lH). 



15 



Step P; 2-MethOXV-4-methvl-hexahvdm-ri ^ . transr4HYvr».n^ f4,^- 

blpyriding 



4-Methyl-octahydro-cis-pyranoI4,3-b]pyridin-2-one (60 
mg. 0.35 mmoL) was converted to the above compound as previously 
described in step E of example 1 16 for 2-methoxy-hexahydro-quinolin- 
7(8H)-one-7-ethyleneketal. A mixture of cis and trans ring junction 
20 derivatives was isolated. (20 mg). 

iH NMR (400 MHz, CDCI3) 5 0.95 (d, 3H. J«7 Hz); 1.01 (d, 3H, J^7 
Hz); 1.36 (d,3H, J=7 Hz); 3.69 (s. 3H); 3.74 (s. 3H). 

25 Step ^2-Mv^ms& i y]-qmy<h^ 

hvdrochlondft 



2-Methoxy-a,p-4-methythexahydro-cis,trans(4H)pyiano-[4,3- 
bjpyridine (20mg) was converted to the above compound as prevously 
30 described in example 1 16.step F. 

iH NMR (400 MHz, CD3OD) 6 1.09(d. 3H. J=7 Hz); 1.03 (d,3R J=7 
Hz). 
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Mass Spectrum m/e s 168.(M-f 1) 

EXAMPLE 12^ 
CHa 

^^[j^NH HOAc 

2-IminQ-4-Methvl-1.3.4.5.7.R-hexahvdnvpvr ano/4.3-l>/pvri fl«»rir 
acid salt 

Step A: 2-Methoxv-4-inethvl-3.5.7.8-tetra hvdro-4H-pvninnrA/t- 
blpvridine 



4-Metfayl-l,3A5,7,8-hexahydro-pyrano[4.3-bjpyridui-2-one 
15 (42 mg, 0.25 nunoL), obtained in 8t^ A examplel22, was converted to 
the above compound as previously described in example 1 16 step R 

iH NMR 400 MHz(CDa3) 5 0.92 (d,3H. J=7 Hz); 2.1-2.15 (m. 2H); 
2.2-2.6(m, 3H); 3.30 (d.lH. J=12 Hz); 3.80(s. 3H); 4.05-4.2(q, 2H. J=16 
20 hZ). 



Step B; 2-Tmino-4-Methvl-1 34.5.7 R-h^irahyHm-nviunn/^ i.hlj>yru]ij^ ^ 
acetic acid salt 



25 2-Methoxy-4-methyl-3,5,7,8-tetrahydro-4H-pyrano[4.3- 
bjpyridine (16 mg. 0.1 mmoL) was converted to the above compound as 
prevously described in example 1 16 step F. 

iH NMR (400 MHz. CD3OD) 5 1.044(d, 3H, J=7Hz); 1.93 (s. 3H, 
30 acetate protons); 2.2-2.3 (m. 2H); 2.4-2.47 (m, IH); 2.56 (dd, IH, J«12 
Hz, J=6 Hz); 3.94 (dd.lH. L=16 Hz, J=5 Hz); 3.33(dd, IH, J=9 Hz. 
J=2Hz); 3.84 (t IH. J«5 Hz); 4.1-4.23(ni. IH). 
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Mass Spectrum m/e =167.(M-i-l) 



EXAMPLE 124 



a. 



*N'^NH HO 

2-IminQ-l-methvl-DiDeridine hydrochloride 

10 

This compound was prepared according to the procedure 
described by Rama Rao et dl.m Syn. Comm.: 18, 877-880 (1988). 

iH NMR (400 MHz» CD3OD): 5 1.89 (m. 4H); 2.62 (t. 2H); 3.14 (s. 3H); 
15 3.53 (t,2H). 

Mass spectnim m/e » 1 14 (M+l) 



20 EXAMPLE 

a 



o 



N-(l-Benzvl-2-nineridinvlideneVNr-rp henvlVuK>a 

25 

SSSELA; 2-Imino-1 -henzvLpiperiH ine tetrafluomhorate 

To a solution N-benzyl-valerolactam (1.3 g, 6.87 
mmol) in methylene chloride (25 mL) was added trimethyloxonium 
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tetrafluoroborate (1.12 g, 7.57 mmol). The reaction mixture was sdmd 
overnight at room temperature under a nitrogen atmosphere. Dry 
ammonia gas was then bubbled through the reaction mixture for one 
hour, and the mixture was allowed to stand for an additional hour at room 
5 temperature. The mixture was evaporated under diminished pressure and 
dried in vacuo. The crude product was used without further purification 
in Step B. 

SSSSlMi N-(l-BenzYl-2-piperidinvlidene)-N'-rDhenvn-i.n.^ 

The fluoboric acid salt Cram Step A was treated with 
several mL's of 50% sodium hydroxide, and the fiee 2-imino-l-benzyl- 
piperidine was extracted witfi benzene. The benzene layer was decanted, 
dried (K2CO3), and evaporated to give an oil. 300 mg of the resulting oil 
was dissolved in mediylene chloride (2.5 mL) and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (204 \jlL, 1.36 mmol) and phenyl 
isocyanate (148 \iL, 1.36 mmol). The reaction mixture was stirred 
overnight at room temperature, diluted with methylene chloride, washed 
with 2 IS hydrochloric acid, saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (Na2S04), and evaporated. Tlie 
product was ciystallized from ethyl acetate; yield 150 mg. 

IH NMR (400 MHz. CDQa): 8 1.76 (m. 4H); 3.04 (t, 2H); 3.25 (t, 2H); 
4.78 (s. 2H): 6.93-7.34 (m. lOH). 
25 

Mass spectrum m/e s 308 (M -t-l). 

EXAMPLE m 

30 




10 



15 



20 
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N-f2-Pineridinvlideni.^.N'.rph..,^YlVlirpa 



N-(l-BeiizyI-2-piperidinylidene)-N'-(phenyl)-urca(70 
5 mg, 0.228 mmol. from Example 125) in glacial acetic acid (2 mL) was 
hydrogenolyzed in the presence of 10% Pd/C (30 mg) for 8 h. The 
catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 ^m). The filtrate was evaporated and coevaporated several 
times with toluene. The product was purified by flash silica gel 
10 chromatography eluting with 1-5% methanol/CH2a2; yield 15 mg. 

iH NMR (400 MHz, CD3OD): 5 1.85 (m. 4H); 2.59 (br m. 2H); 3.50 (br 
m. 2H); 7.05 (t. IH); 7.28 (t, 2H); 7.50 (d, 2H). 

15 Mass spectrum m/es 218 (M -1-1). 




N41-f4-MgthoyybenzvlV2-nine,riHi«vi»di^^i-MHp^ ,. n^^ 

Step A; 2-InMno-l-f4-mftrhoxvben7vn- p iperidine tf^frafluorohnratft 

This compound was prepared in a similar manner as in Step 
A of Example 126. Hie erode product was used without further 
purification in Step B. 

Step B; N-n-f4'Melh0XVhffn7vn-2.pini»riHinv1irf e ne1.N'-rphPnvn.n^ i, 
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The fluoboric acid salt from Step A was treated with several 
mL's of 50% sodium hydroxide, and the free 2-iinino-l-(4- 
methoxybenzyO-piperidine was extracted with benzene. The benzene 
layer was decanted, dried (K2CO3), and evaporated to give an oil. 300 
5 mg of the resulting oil was dissolved in methylene chloride (2 mL) and 
treated with l,8-diazabicyclo[5.4.0]undec-7-ene (204 jiL, 1.36 mmol) 
and phenyl isocyanate (148 jiL. 1.36 mmol). The reaction mixture was 
stirred for 2 hours at room temperature, diluted with methylene chloride, 
washed with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 
10 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was purified by flash silica gel chromatography eluting with 30% 
ethyl acetate in hexane; yield 127 mg. 

iH NMR (400 MHz, CDCI3): 5 1.73 (m, 4H); 3.03 (t, 2H); 3.22 (t, 2H); 
15 3.79 (s, 3H) 4.70 (s, 2H); 6.83-7.27 (m, 9H). 

Mass spectrum m/e = 338 (M +1). 



20 EXAMPLF. 17R 

HN'^O 



25 



30 



2-Iniino-l-rhenzvlaminnr^nvn-pip^^ri^inp 

To a mixture of 2-imino-piperidine hydrochloride (250 mg, 
1 .86 mmol) in acetonitrile (8 mL) cooled in an ice-bath were added 1,8- 
diazabicyclo[5.4.0]undec-7.cne (277 jiL, 1.85 mmol) and benzyl 
isocyanate (229 nL. 1.85 mmol). The reaction mixture was stirred 
overnight at room temperature and then evaporated. The product was 
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purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2. 

iH NMR (400 MHz, CD3OD): 8 1.78 (m, 4H) 2.37 (m, 2H); 3.39 (m, 
5 2H); 4.34 (s, 2H); 7.18-7.31 (m, 5H). 

Mass spectrum m/e = 232 (M + 1). 



10. EXAMPLE 129 



CO.. 



U^NH HCI 

Cty-Qctahvdro-3-imino-2H-l 4-h«.n«nTnzine hvdmchlnride- 

15 

Step A: Cis-hexahvdro-1.4-henzoxazin-3r4fn.nni»- 

A mixture of 2H-l,4-benzoxazin-3(4H)-one (Ig) and 
platinum oxide (0.5g) in SO mL of glacial acetic acid was hydrogenated 
20 on Parr shaker at room tempeiatuie and SO psi for 2 days. Thecatatlyst 
was filtered and washed with acetic add. The filtrate was concentrated to 
give the desired lactam as white solid after purification on silica gel using 
2% medianol in ethyl acetate as solvent 

25 Step B: Cis-Octahvdn>-3-imino-2H-l,4-h«i».Tnzine hvd«v;hl«rirfi» 

The title compouhd was prepared according to the method 
described in Examples 2 and 3. 

30 iH NMR (D6-DMSO): 4.52(naH); 3.88(m.lH); 1.16-1.8(m.8H) 



EXAMPlPnn 
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^Pj'^NH Ha 
2-IininoDiDerazine hydrochloride 

5 

Step A: 2-Ketnpipi»ray;jnft 

A solution of 10.2 g (81 mmol) of ethyl chloroacetate in 50 
mL of ethanol was added dropwise over 1 hr to a solution of 30 g (0.5 M) 

10 of ethylene diamine in 125 mL of ethanol at room tempeiatuie. The 
mixture was stirred 3 hrs and 4.4 g (8 1 mmol) of sodium methoxide was 
added and the mixture was stirred additional 4 hours. The resulting 
voluminous white precipitate was filtered and the filtrate was 
concentrated to give oily residue which was heated at 200 OC (bath 

15 temperature) for 5 mins with a wide distillation head. A solid deposited 
in the distillation head during the distillation. After 1.5 hrs of distillation, 
distillation head was washed with methanol to remove the desired 
product Methanol washes were concentrated to give a crude product 
which was purified on silica gel using 5:2 mixture of 

20 chlorofoim:methanol as solvent to provide 2.3 g of the desired pixxhict as 
yellow solid. 

iH NMR (DMSO): 2.74(m.2H); 3.1(m,2H); 3.13(s,2H); 7.58(b.lH) 
25 SteoB: 4-t.Butoxvcftriinnyl-2-ketnpipi>m«ii^ 

A mixture of 500 mg (5 mmol) of 2-ketopiperazine. 1.2 g 
(5.5 mmol) of t-butyldicarbonate and 2 g of sodium chloride in 7.5 mL of 
water and 10 mL of chloroform was heated to reflux 4 hrs. The reaction 
30 mixture was cooled to room temperature and extracted with ethyl acetate. 
The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate . Solvent removal gave a crude product which was 
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purified on silica gel using 5% methanol in ethyl acetate as solvent to 
give 925 mg of the desired caifoamate lactam as white solid. 

iH NMR (COas): 1.46(s,9H); 3.37(nu2H); 3.62(m,2H); 4.08(s,2H) 

5 

Step C: 4-t-ButOXVCarfaonvl-2-iininn piperazine hvdrochlnrid« 

Hie title compouind was prepared according to the 
procedure described in Examples 2 and 3. 

10 

iH NMR (DMSO); 1.42(s.9H); 3.35(m^); 3.52(m,2H); 4.32(s^H); 
8.75(b.lH); 9.04(b.lH); 10.05(b.lH). 

StepD: 2-Tminoninerazinehvdmrhlryridff 

15 

Hydrogen chloride gas was bubbled through 6 mL of ediyl 
acetate at 0 ©C for 3 mins. Solid 4-t-butoxycarbonyl-2-imino pipeiazine 
hydrochloride (36 mg) was added and the mixture was stirred overnight 
at room temperature. Solvent and hydrochloric acid gas were evaporated 
20 in vacuo to give 24 mg of the desired imino piperazine hydrochloride as 
white solid. 

iH NMR (DMSO): 3.35(3H); 3.54(m;iH); 4.12(s.2H); 8.98(b.lH); 
9.3(b,lH); 10.16(b,lH) 

25 

EXAMPLRni 
^JI^NH Ha 

30 

4-Mcthvl-2-iminonineni2ine hydmrhlnriH^ 
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StfiP A: 4-Methvl-?.-oxo-iMm»ra7inft hvrimri^i^ridf : 

4-4 g (100 mmol) of ethyleneimine was added to 7.8 g (66 
mmol) of sarcosine ethyl ester with stimng at 60 oc. The mixture was 
then heated 1 day at the same temperature. Volatile materials were 
removed in vacuo and the residue was purified on silica gel using 
methanol/ethyl acetate gradient mixtures to give the title compound. 

iH NMR (Cn)Cl3): 3.35(2H); 3.06(2H); 2.58(2H); 2.32(3H) 

The hydrochloride salt was prepared by adding ethereal 
hydrochloride solution to a solution of the above tertiaiy amine and 
stirring the mixture for 1 hour. The resulting solid was filtered and 
washed with ether and dried. 

Step B: 4-Mftrhvl-?-mefhoirv-^ A S #Lf^rni hvdm nv«.^m^ 

A mixture of 1.505 g (lOmM) of 4-methyI-2-oxo-piperazine 
hydrochloride horn step A and 3.0 g (20 mM) of trimethyloxonium 

20 tctrafluorobonitein ISOmLof chloroform wasstiiTedfor4daysatroom 
temperature under nitrogen. Excess saturated sodium bicari)onate was 
added and stirred 30 mins. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined oiganic 
layers were dried over anhydrous magnesium sulfate. After filtration the 

25 solvent was removed to give a mixture of the title compound and 4- 
methyl-piperazin-2-one as an oil. 

IH NMR (CDC13): 3.64(s,3H); 3.36 and 3.56(4:1 l)(m.2H); 3.08 and 2.9 
(4:ll)(s^H); 2.6 and 2.4 (4:ll)(m.2H); 2.33 and 2.3(6: 16.5)(s.3H) 



15 



30 



Step C; 4-Mfithvl-2-iminoninftnizine hvrimrM.^ri d e and 4-M^fhyl-9-^ ^^ 
DlPCrazine hvdrochlnriHg; 



WOM/14S44 
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rctm895nm2 



This compound was pr^aied from 4-methyl-2-methoxy- 
3,4,5,6-tetrahydro pyrazine according to the procedure of example 3. 
This product was contained some 4-mediyl-piperazin-2-one which was 
present in the starting material. 

iH NMR (CD30D): 2.92 and 2.43 (s.3H); 3.8 and 3.42(s,2H); 2.75 and 
3.56(t. 2H); 3.45 and 3.8(t;tti) 



15 



25 



ay. 



10 EXAMPLE 132 

H. 

Jj^'NH HCI 

2-Iniino-decahvdrn-gM-qMinnT«line dihvdrochloride 
Step A: Decahvdn)-2nHVquinxalinone 



To a solution of 2.28 g (20 mmol) of cis-1,2- 
diaminocyclohexane in 100 mL of water, 1.74 g (30 mmol) of glyoxal 
20 was added. After stirring for 4 h the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The residual oil was absorbed on a 
flash colunm and the column was eluted with 50% EtOAc/hexane, 10% 
MeOH^tOAc and 50% MeOH/EtOAc to isolate 1.19 g of the title 
compound as an oiL 



StePB: 4-t-BBtvlQXVCafbonvl-decahvdrD-2f1HVfluino»a1inoiie 



A solution of 1.19 g (7.72 mmol) of decabydro-2(lH)- 
quinxalinone in 10 mL of saturated NaHC03 was treated with 2.2 g (10 
30 mmol)ofdi-teit-butyldicarbonate. After stirring for 2 h the reaction 
mixture was extracted with EtOAc and the EtOAc layer was washed with 
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brine and dried. The filtrate was concentrated and the residue was 
purified on a flash column to isolate 0.667 g of the title compound. 

Step C: 4-t-BHtvloxvrarhonvl.2-nierhnTv-3.4.5.fi.7 « 5fl 8.a-Qctahvrf»^ 
5 Quinoxalinnne 

To a solution of 0.254 g (1 mmol) of 4-t-butyloxycarbonyl- 
decahydro-2(lH)-quinoxalinone in 3 mL of CH2C12 was added 0.191 g 
(1 .3 mmol) of trimethyloxonium tetrafluoroborate and the mixture was 
0 stirred overnight. The reaction mixture was partitioned between saturated 
NaHC03 and CH2C12. The organic layer was washed with water, brine 
dried and concentrated. The residue was chromatogiaphed using 20% 
Et20-hexane as an eluent to isolate 0. 124 g of the title compound. 

> Step D: 4-t-Butoxv-2.itn»nn.decahvdrrv^i«. ^ino«fl1ini» 



A solution of 0.123 g (0.45 mmol) of 4-t-Butyloxycarbonyl- 
2-methoxy-3.4,5,6,7,8,5a,8,a-octahydro-quinoxalinone in 3 mL of EtOH 
containing 22 mg (0.41 mmol) of NH4C1 was heated to reflux. After 3 h 
20 at reflux the reaction mixture was concentrated, the residue was triturated 
with Et20 and the solid was filtered and dried to isolate 0.055 mg of the 
title conqxmnd. 

25 

To 46 mg of 4-t-butoxy-2-immo-decahydro-cis-quinoxaline 
3 mL of EtOAc saturated with HCl was added. The reaction turned clear 
momentarily and another solid was formed. After 30 min the solid was 
filtered washed with Et20 and dried to furnish 32 mg of the tiUe 
30 compound. 



iH NMR (D20): 1.50 (br s. 3H). 1.66 (br s. IH). 1.89 (br s, 4H), 3.92 
(m. IH), 4.0 (m. IH), 4.37 (s. 2H) 
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5 



10 



20 



EXAMPLE 133 
'[J'^'NH HCI 

2-Iinino-decahvdro-frflWj-qiimoxaline dihvdrochloride 



ax. 



The title compound was prepared by the procedure of 
example 132 starting with trans-l,2-diaminocyclohexane. 

iH NMR (D20): 1.3-1.6 (m.4H), 1.8-1.9 (m. 2H). 2.16 (t, 2H). 3.3 (td. 
IH. J = 1 1 and 4 Hz). 3.55 (td, IH, J = 1 1 and 4 Hz), 4.41 (ABq, 2H) 



IS EXAMPLE 134 

**** H " ^ 

4-6-Dimetlivl-2-tniino-piperazine hydrochloride 
Step A: 4.6.Dimethvl-2-keto-pipera»ine 



A solution of 0.8 mL (10.2 mmol) 2-methylaziridine (90%), 
0.998 g (1 1.21 mmol) of sarcosine and 30 mg of NH4CI in 4 mL of water 
25 was heated to 100 in a sealed tube for 2 h. The mixture was allowed 
to stand overnight, then concentrated in vacuo. The residue was purified 
by chromatography using 30% MeOH-EtOAc to yield 0.637 g (49%) of 
the desired product 
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10 



IH NMR (CDa3): 1.13 (d. 3H). 2.03 (m. IH), 2.28 (s. 3H), 2.77 (m. 
2H), 3.23 (d, IH), 3.62 (br s, IH). 6.8 (br s. IH). 

StepB: 4.6-r)iniethv]-pip^rn^|n-2-thiffntT 

To a solution of 1.011 g (5.09 mmol) of 4,6-dimethyl-2- 
keto-piperazine in 25 mL of dioxane. 4.704 g (56 mmol) of NaHCOs and 
1.56 g (3.56 mmol) of phosphorus pentasulfide were added and the 
mixture was heated in a 70 oc bath. After 6 h the reaction was cooled 
quenched by adding water (gas evolution) and stirred overnight. TTie 
solution was extracted with EtOAc. Hie EtOAc layer was washed with 
brme, dried and concentrated. The residue was chromatographed using a 
gradiem of 0-10% MeOH/EtOAc to isolate 91 mg of the desired product 



izine hvdmrhlriri^f 



Ammonia gas passed through a THF (5 mL) solution of 72 
mg (0.499 mmol) of 4.6-dimethyl-pipera2in-2-thione kept in a 50 bath 
for 5 mm. To this solution 149 mg (0.55 mmol) of HgCh was added and 

20 the reaction was heated to 50 oc for 15 min after it turned black. The 
sohmon was filtered through a pad of celite and the pad was rinsed with 
MeOH. The combined filtrate was concentrated and the residue was 
purified on a flash column using MeCN foUowed by 70:2: 1 mixture of 
MeCN:H20:H0AC to isolate 30 mg of the tide compound 



15 



25 




P^^^^^ ^'^ ^">' 3H). 2.27 (dd. IH). 2.9 (dd. 
IH), 3.22 (d. IH), 3.45 (d. IH). 3.72 (m. IH). 



30 



Mass spectrum m/e s 127 
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^'^^[j^NH HCI 
2-Iinino-4-methvl-6-f2-metfavlpropvlV5-oxo-piperazine hydrochloride 



5 Step A; N-t-Butvloxvcaifaonvlf Ivcinvlsarcosine ethvl ester 

To a solution of 0.629 g (3.59 mmol) of t- 
butoxycarfoonyoxyglycine in 8 mL of CH2CI2 0.58 g (4.31 mmol) of 
hydroxybenztriazole,0.87 mL (7.9 mmol) of N-methylmorpholine and 

10 0.826 g (4.31 mmol) of EDAC were added. After 10 min 0.607 g (3.95 
mmol) of sarcosine ethyl ester hydrochloride was added and the mixture 
was stirred ovonight The reaction was poured into water and extracted 
with CH2a2- The organic layer was washed with brine, dried and the 
filtrate was concentrated. The residue was purified on a flash column 

15 duting with 50% EtOAc-hexane to obtain 0.985 (96%) of N-t- 
butyloxycaibonylglycinylsarcosine ediyl ester. 



StepB; 1-Mft»hv1.^ S^flcetonipcniMne 

20 A solution of 0.942 g (3.43 mmol) of N-t- 

butyloxycarbonylglycinylsarcosine ethyl ester in 10 mL of EtOAc was 
saturated with HCI gas. After stirring for 1 h the solution was 
concentrated in vacuo to leave a white solid. The solid was dissolved in 
10 mL of EtOH, 0.474 g (3.43 mmol) of powdered K2CO3 was added 

25 and the mixture was heated in a 60 oC bath overnight. The solid was 
filtered and rinsed with EtOH and the combined filtrate was concentrated 
to leave a solid. Hie solid was washed with ether and dried to fiunish 
0.499 g of die title compound. 



30 



iH NMR (CDa3): 2.98 (s, 3H). 3.97 (s. 2H). 4.02 (s. 2H). 6.23 (br s. 
IH). 
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SteP C; 2-MfithOXV-4-mefhvl-3.4.HihvHm-5ff^ pVnvn.rinnn f 

Treatment of l-methyl-2,5-diketopipera2ine with 
trimethyloxonium tetrafluoroborate as described in example 132 step C 
5 gave the title compound. 

Step D; 2-Mf rhoirV-4-inf fhvl-fi-(2-ini.thY|prQnvlV^ A-^j^Yffl^^ffTH> 
Dvrazinnne 



10 



15 



20 



25 



30 



To a solution of 0.171 g (1.2 mmol) of 2.methoxy-4-methyl- 
3,4-dihydro-5(6H)-pyra2inone in 6 mL of THF cooled in a -78 oc bath 
0.72 mL (2M in THF, 1.44 mmol) of LDA was added. After 10 min 0.17 
mL (1.56 mmol) of l-bromo-2-mediylpropane was added and the 
solution was allowed to wann to room temperature over the next 2 h 
After stirring for 0.5 h the reaction was quenched by adding water and the 
mixftire was extracted with EtOAc. The EtOAc layer was washed with 
bnne, dried and the filtrate was concentrated. The residue was purified 
on a flad) column using a gradiem of 30-50% EtOAc-hexane to isolate 
0.1 g (42%) of the tide compound. 

lu^o ''^''^ 3H). 2.93 (s. 

3H), 3.69 (8. 3H), 3.81 and 3.94 (ABq. 2H). 4.09 (m. IH). 

A solution of 0.1 g of 2-methoxy-4-methyl-6-(2- 
mediylpn)pyl)-3,4-dihydro-5(6H)-pyrazinone in 1 mL of EtOH was 
reacted witfi NH4a as described in example 132 step D to fiimish the 
title compound. 

^'^^ ^-^^-^ 3H). 3.0 (s. 3H). 4.1 1 (t, 

IH), 4.47 and 4.61 (AB q. 2H). 



Mass spectnim m/e s 184 (M+1) 
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EXAMPLKnfi 



5 




4-BcnZYlOXVCarhonvl-?-imino.fl.2/<4VAfrahvdro-quinnv5.1it^f 
hvdrochlfwidft 

10 Step A; 3.4-T>\hyda.2nn\.r^^«n..^]^J^^ 

To a solution of 1 .2 g (8.2 mmol) of 2-hydroxyquinoxalme 
in 10 mL of EtOH. 220 mg of PtQz was added and the solution was 
hydrogenated on a Parr apparatus overnight. The catalyst was filtered 
and washed with EtOH and the filtrate was concentrated to yield 1.17 g 
(96%) of the title compound sufiSciently pure for use without 
purification. 

iH NMR (CDC13): 3.97 (s. 2H). 6.6-6.9 (m. 4H), 8.1 (br s. IH). 

Step B; 4-Ben7^l0XVrart)Onv]-3.4-dihvrf»^9 nm-q.,inairnln^ p 

A solution of o.41 g (2.77 mmol) of 3,4-dihydo-2(lH)- 
quinaxolone in 5 mL of CH2C12 and 5 mL of saturated NaHCOs was 
treated with 0.44 mL (3.05 mmol) of benzyldilorofoimate. After stirring 
for 4 h, the reaction was dUuted with 01202. washed with water, brine 
and dried. The filtrate was concentrated and the residue was 
chromatographed using 30% EtOAc-hexane to isolate 0.31 g of the 
desired product 



15 



20 



25 



30 
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iH NMR (CDQS): 4.44 and 4.58 (2s, 2H), 5.24 and 5.28 (2s, 2H), 6.8- 
7.4 (m, 9H). 

StepC: 4-Benzvloxvcaii)onvl-2-imino-ri.2.^.4HP.f«,hvHro-fluinoxaTiiH> 
5 hydrochloride 

The4-ben2yloxycarbonyl-3,4-dihydro-2(lH)-quinaxolone 
obtained in step B was subjected to die reactions described in example 
134 steps B and C furnished the title compound. 



iH NMR (CD30D): 4.31 (s, 2H). 5.23 (s, 2H), 6.9-7.5 (m, 9H). 
Mass spectrum m/e = 282 (M-f 1) 



20 4-ACCtyl-2-iininO-(1.2.3.4)tfttrahvdio^«innTi.lini > hvdmchlnrirf^ 

Step A: 4-Acetvll-3 4-dihvdm-2riHVnnin«Tni^n^ 

A solution of 0.212 g (1.43 mmol) of 3,4-dihydo-2(lH)- 
25 quinaxolone (example 136, step A) in 7 mL of CH2CI2 was treated with 
0.12 mL (1 .72 namol) of acetyl chloride and 0.26 mL (1.86 mmol) of 
EtsN. After 2 h another 0.04 mL of acetyl chloride was added to 
complete the reaction and the solution was partitioned between water and 
CH2C12. The CH2CI2 layer was washed with brine, dried and 
30 concentrated. The residue was purified by chromatography. 



10 



15 



Example 1^7 
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Step B: 4-Acetvl-2-iinino-n .2.3.4^tetrahvdro^uinoxaline 

Treatement of 4-acetyIl-l,2,3.4-tetrahydro-2-quinaxolone by 
the method of example 134 steps B and C furnished the title compomid. 

1h NMR (CD30D): 2.24 (s, 3H), 4.5 (s. 2H). 7.0-7.5 (m, 4H). 

Mass spectnmi m/e s 189 (M+1) 

EXAMPLE 138 



^NH HCI 



15 2-Imino4-methvl-decahvdro-frfl«.y-Quinoxaline. ace tic acid salt 
Step A: 4-methvl-octahvdro-trans-2f IHVquinoxalone 

To 0.537 g of 4-t-butyloxycaibonyl-octahydro-trBns-2(lH)- 
20 quinoxalone (Example 133), 10 mL of EtOAc saturated with HQ gas was 
added. After stining for 2 h die solvent was removed in vacuo to give 
0.483 g of a brown solid. 

To a solution of 0.147 g (0.77 mmol) of this solid in 5 mL of 
25 MeOH and 1 mL of formaldehyde (37% aq. solution) was added 50 mg 
of 10 % Pd/C and the mixture was hydrogenated under 41 psi for 3 h. 
The catalyst was filtered through a pad of celite and the pad washed with 
MeOH and the filtrate was concentrated to yield 0.325 g of the tide 
compound. 



Step B: 2-IminQ-4-metfavl-decahvdro-trang-qninoxaline. acetic acid salt 
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The product of step A was reacted as described in example 
134 steps B and C to isolate the title compound 

iH NMR (CD30D): 1.2-2.2 (m. 9H). 1.92 (s. 3H), 2.31 (s. 3H). 3.18 (m, 
5 IH), 3.31 (d.lH). 3.70 (d.lH). 

Mass spectrum m/e = 168 (M+1) 



10 EXAMPTRno 

(j^NH HQ 



IS 



3-Iminothiomorphnlinft hY^ lrochlnriHi» 
Step A; ThiomoTphnlin-3-ffnff 



To 6.S g (0.15 mol) of ethyleneimine was added to 12 g (0 1 
mol) ofethyl thiol acetate with stirring at 60 oc. After the addition, the 
20 mixture was heated for 2.5 hat the same temperature. It was then 

aUowed to cool to room temperature and then aUowed to stand 1 day at 
room temperature. Robust white crystals formed. TheUquidwas 
decanted and the solid was washed with ice cold ethyl alcohol to afford 
6.2 g of the desired thiomoipholinone. 

25 

iH NMR (CDC13): 2.8(m,2H); 3.28(s,2H); 3.62(m.2H); 6.62(b,lH) 

30 A mixture of 1.17 g (10 mmol) of thiomoipholin-3-one and 

11 mmolesof Lawesson's reagem in 25 mL of toluene was heated to 
reflux 2 hrs. The reaction mixture was cooled and die solvent was 
removed to give a residue. This was taken up in mediylene chloride and 
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applied on silica gel column and eluted with ethyl acetate containing 
methylene chloride (10%). The desiied thiomoiphoIin-3-thione in 65% 
yield as solid. 

5 iH NMR (CDQa): 2.90(m^); 3.62(m,2H); 3.76(s^H); 8.65(b.lH) 



StenC: 3-Tinino thiomnrpholine hvdmchloride 

The title amidine was prepared from thiomorpholin-3-thione 
10 according to the procedure of example 43 step F. 

iH NMR (DMSO): 2.92(nUH); 3.52(nUH); 3.62(s,2H); 8.85(b,lH); 
9.28(bJH);9.9(b,lH) 

15 

EXAMPLR I4n 



^"^^{j^NH HCI 



20 3-Tininft-S-propvl-thioinntphnlinft 

Step A: 2-Butoxvcafhonvlainino-l-pentiinn| 

To a solution of 1.1 mL (9.8 mmol) of 2-aniino-l-pentanol 
25 in 10 mL of MeCN was added 2.18 g (10 mmol) of di-t-butyl dicaibonate 
followed by a solution of 1.06 g (10 mmol) of NaiCOs in 10 mL of 
water. After stirring for 4 h the reaction mixture was partitioned between 
Et20:EtOAc (1:1) and water. The organic layer was washed with water, 
brine and dried. The filtrate was concentrated to fumish 2.8 g of a liquid 
30 which was used in the next step without purification. 
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10 



IH NMR (CDC13): 0.91 (t. 3H). 1.3-1.9 (m. IIH). 2.31 (t, 2H). 2.4 (br 
s, IH). 3.0 (s, 3H), 3.8 (br, IH). 4.15 (dd, IH, J=10 and 4 Hz), 4.22 (m 
IH). 4.57 (br. IH). 

StgpB; RthYl rf?-bntQXYcarbonvlaminoDeiitv]ithm^fl^»^l}^y^ 

A solution of 0.7 g of 2-butoxycaibonylamino-l-pentanol 
prepared in step A in 5 mL of CH2CI2 was treated with 0.23 mL (3 
mmol) of methanesulfonyl chloride. The mixture was cooled in ice bath 
and 0,42 mL (3 mmol) of Et3N was added and the solution was aUowed 
tq warm to room temperature. After 1 h another 0.05 mL (0.65 mmol) of 
methanesulfonyl chloride and 0.1 mL (0.71 mmol) of EtsN were added 
and stirred for 15 min. the reaction mixture was diluted with 01202 and 
washed with saturated NaHCOa solution, water, 1.2 N HQ and brine. 
15 The organic layer was dried and concentrated to yield 0.94 g of the 
mesylate as a white solid. 

JH NMR (CDa3): 0.91 (t. 3H). 1.2-1.9 (m. IIH). 2.32 (t, 2H), 3.51 (m, 
IH). 3.63 (m, 2H), 4.57 (br s, IH). 

20 

To a solution of the mesylate in 5 mL of EtOH 0.3 mL (2.7 
mmol) of ediyl 2-merc^toacctate and 0.42 g (3 mmol) of powdered 
K2CX)3 were added. The mixture was heated in a 50 ©C bath for 2 h, then 
dUuted with water and extraced with ElOAc. The EtOAc layer was 
25 washed with water, brine, dried and concentrated. The residue was 
chromatographed on a flash column using a gradient of 20-50% EtOAc- 
Hexane to isolate 0.48 g (63%) of the title compound. 

IH NMR (CDCD): 0.90 (t. 3H), 1.2-2.3 (m, 16H), 2.72 (m, 2H). 3.23 
30 (ABq, 2H), 3.75 (br. IH), 4.19 (q,2H).4.57 (br s. IH). 

Step C: 5-PmpYl-thiffi norDholin-^-n,^^ 
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Ice cold EtOAc (5 mL) was saturated with HCl gas and this 
solution was added to 0.48 g (1.57 mmol) of ethyl ((2- 
butoxycaibonylaminopentyl)thio)acetate. After stirring for 1 h the 
solution was concentrated to give 0.42 g of amine hydrochloride as an oil. 
5 The oil was dissolved in 3 mL of EtOH and 0.207 g (1 .5 mmol) of 
powdered K2CO3 was added. After heating the mixture in a 80 oC bath 
for 2.5 h the reaction was cooled and partitioned between water and 
EtOAc. The OTganic layer was washed with water, brine, dried and 
concentrated. The residue was purified by fkish chromatography using 
10 30-100% EtOAc-hexane to yield 0.15 g (60%) of the title compound as a 
white solid. 

iH NMR (CDa3): 0.94 (t, 3H), 1.36 (m, 2H), 1.57 (m, 2H), 2.53 (dd, 
IH, J=13 and 9 Hz), 2.78 (dd. IH, J=13 and 4 Hz). 3.26 (ABq. 2H). 3.63 
15 (m.lH).5.8(brs.lH). 

Step Dr 5-Pmpvl-thinmnrph^lln-Vihi^np 

A solution of 0.15 g (0.94 mmol) of 5-propyl-thiomorpholin- 
20 3-one in 3 mL of toluene was treated with 0.44 g (1.1 mmol) of 

Lawesson's reagent and the reaction was heated to reflux. After 1 h the 
solution was cooled to room temperature, diluted with 2 mL of hexane 
and allowed to stand ovonight. The solid formed was removed by 
filtering througji a 0.5 u filter and die filtrate was concentrated. The 
25 residue was chromatographed using 10-30% EtOAc/hexane to obtain 
0.131 g (80%) of the tide compound. 

iH NMR (CDa3): 0.95 (t, 3H), 1.41 (m. 2H), 1.64 (m. 2H), 2.60 (dd. 
IH, J=13 and 9 Hz), 2.89 (dd, IH, J=13 and 4 Hz). 3.57 (m. IH), 3.74 
30 (ABq. 2H, J=17Hz). 8.3 (br s, IH). 

SteoF: 3-Tmino.5-pmp vl-thioinomhnlinft 
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A solution of 0.131 g (0.75 mmol) of S-propyl- 
thiomoiphoIin-3-thione in 3 mL of CH2CI2 was stured with 4 A 
molecular sieves. After 10 min 0.125 g (0.85 mmol) of 
trimethyloxonium tetrafluoroborate was added, and the mixture was 
5 stirred for 2.5 h. The reaction was quenched by adding saturated 
NaHCOa solution then extraced with 01202. The organic layer was 
washed with brine, dried and concentrated to give 0.115 g of a brown oil. 

10 IH). 2.73 (dd. IH. J=13 and 4 Hz). 3.12 (ABq. 2H). 3.43 (m. IH). 

The brown oil in 1 mL of EtOH was dated with 30 mg (0 56 

mmol) of NH4C1 and the mixture was heated to reflux. After Ihthe 

solution was concentrated and the residue was chromatographed on a 
15 flash column using a gradient of MeCa^, MeCN/HOAc - 95*5 

MeCN/H20/HOAc - 90:5:5 and finally MeCN/H20/H0Ac'- 85:10:5 to 
isolate 37 mg (23%) of the tide compound as an acetic acid salt. 

Ia. T'/??^^^' ^-^^ ^'^ - 4H). 2.05 (s. 3H). 2.63 

Wd. IH J=13 and 9 Hz). 2.92 (dd. IH. J=13 and 4 Hz). 3.65 (m. 3H). 8.2 
(or s. IH). 



20 



25 



30 



Mass spectrum m/e = 159 (M+1) 

The compounds of Examples 141-145 were prepared by the method of 
example 101 starting ftom tiie appropriate aminoalcohol. 



EXAMPI R m 

CHs^U'^NH HCI 



3-Imino-5-inrthvl-thinm^,p|^^||„^. 
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iH NMR (CD30D): 1.38 (d, 3H). 2.71 (dd, IH. J=13 and 9 Hz). 3.07 
(dd. IH. J=13 and 4 Hz), 3.60 (ABq, 2H. J=16 Hz). 3.82 (m, IH). 



EXAMPLE U7 

QaHs'^d'^NH Ha 

10 3-Imino-S-ethvl-thinmnrph^|jn^ 

lHNMR(CD30D): 1.03a3H). 1.75 (m. 2H). 2.75 (dd. IH. J=13and 
9 Hz). 3.1 (dd. IH. J=13 and 4 Hz). 3.6 (m. 3H). 

15 

EXAMPf R 



s 




^HH HCI 



20 3-Iininft.S.h.ityl.thinninrphnlm^ 



iH NMR (0X33): 0.95 (t. 3H). 1.3 - 1.8 (m. 6H). 2.75 (dd. IH. J=13 
and 9 Hz). 3.1 (dd. IH, J=13 and 4 Hz). 3.60 (m. 3H). 

25 Mass spectrum m/e s 173 QA+l) 



EXAMPLE 144 
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-^^■^{j^NH HCI 
3-Tininn.Sr,S)-fy-n^^|^y| pronvn-thinmn^ hft|jni> 

5 IH NMR (CDa3): 0.97 (d, 6H). 1.6 (m. 2H), 1.77 (m. IH). 2.72 (dd. 
IH, 1=13 and 9 Hz). 3.1 (dd. IH. J=13 and 4 Hz). 3.52 (d. IH. J=16 Hz) 
3.68 (d. IH. J=16 Hz). 3.75 (m. IH). 



10 



15 



Mass spectram m/c = 173 (M+1) 



EXAMPT.R 
J^^CjjX^„ HCI 

3-Tinin(v^rRW2-ine>hvip|^rYl ^thi"tn»TP hffliniT 



IH NMR (CDa3): 0.97 (d. 6H). 1.6 (m, 2H). 1.77 (m. IH). 2.72 (dd. 
IH. J=13 and 9 Hz), 3.1 (dd. IH. J=13 and 4 Hz). 3.52 (d. IH. J=16 Hz) 
20 3.68 (d. m. fcl6 Hz). 3.75 (m. IH). ^ • «. ^ Hz). 

Mass spectnim m/e = 173 (M+1) 



^ EXAMPI P iAA 

Q 

U^^NH HQ 
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l-(/m.ButoxvcarbonvlVhexahvdnv3-imino-rifn-1.4-dia2epine 

hydrochloiriidg. 

5 Step A: 4-ffgrf-ButoxvcatfaonvlVhexahvdro-f2fn-1.4-diazepiti-2-one. 

Hexahydro-(2//)-l,4-diazepin-2-one (300 mg, 2.63 mmol), 
obtained by the procedure of B. Kotelko, R. Glinka, R. Guryn, and J. 
Strumillo (Acta Pol Phdmu, 1984. 651-7; CA liH:50859y), was 

10 dissolved in chloTofoim (5.3 mL). Di-ren-butyl dicarbonate (0.63 2.9 
mmol) was added along with additional chloroform (3 x 0. 15 mL) to aid 
in the transfer. The solution was stirred for 0.5 h at room temperature 
followed by 3 h at reflux. The solution was then diluted with ethyl 
acetate (20 mL) and washed widi saturated aqueous sodium bicarbonate 

15 (5mL). The aqueous layer was extracted with ediyl acetate (10 mL) The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated to give 549 mg (97%) of 4-(rerr-butoxycarbonyl)-hexahydro- 
(2^-l,4-diazepin-2-one as white crystals. 

20 IH NMR (400 MHz, CD3OD): 6 4.08-4.02 (m, 2H), 3.58 (bt, 2H, J = 5 
Hz), 3.29-3.26 (m. 2H). 1.81 (broad quintet, 2H, J = 5 Hz), 1.45 (s, 9H). 

Mass spectrum (FAB) m/e = 215 (M+l). 

25 Sl^Lfil l-(rgrf-ButDXVcarbcmvlV2,5.fi7-tetnihvdrrw^-n»i ^thoxv-^ 

1.4- d i azepine. 

By analogy to the procedure of Example 2, 4-(rerr- 
butoxycarbonyl)-hexahydro-(2fl)-1.4-diazepin-2-one gave X-itert- 
30 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-(l«)-l,4-diazepine as a 
colorless oil in 94% yield. 



IH NMR (400 MHz, CD3OD): 5 4.16-4. 10 (m, 2H), 3.59 (bs, 3H), 3.56 
(bt, 2H, J = 6 Hz), 3.53-3.48 (m. 2H). 1.87-1.77 (m, 2H), 1 .44 (s, 9H). 
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Mass spectrum (FAB) m/e = 229 (M+1). 

StelLC: l-(rm-Butoxvrarbonvn-h^v.i^Y^,^3.iminn.n^] yf 

diazepine hydmchlnri^fi, 

By analogy to the procedure of Example 3, l-(/e/T- 

butoxycaiiK)nyl)-2.5A7-tetiahydiD-3-methoxy-(l«)-1.4-dia2epine 
l-(/err-butoxycarbonyl>hexahydro-3-miino-(l/0-1.4.diazepine 
hydrochloride in quantitative yield as white crystals. 



By analogy to the procedure of Example 130 (Step 
(te/t-butoxycaibonyl).hexahydro-3-imino-(lfl>l.4-diazepine 
hydrochloride salt gave hexahydro-2-imino-(l«)-l.4-dia2epine 
dihydrochloride as a fine white solid in quantitative yield 




EXAMPf K 1^7 





30 Mass spectrum (FAB) m/e = 1 14 (M-2Ha+l). 
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EXAMPLE148 



5 Hexahvdro-2-iinino-5-methvl-flffl-1.4-dia2epinedihvdrochloridfi. 

SSSSlAi A^f2-Cvaiio-l-methvlethvnflvcine ethyl ester. 

Aqueous sodium hydroxide (2.5 A/, 13 mL, 32.5 mmol) was 
10 added to a mixture of 4.54 g (32.5 mmol) of glycine etiliyl est^ 

hydrochloride in 6 mL of ethanol. The solution was cooled in an ice bath 
and 2.4 g (35.6 mmol) of crotonitrile was added in portions over 5 min. 
After 20 min, the ice bath was removed and the reaction was stirred 1.5 h 
at 25 OC followed by 3.5 h at 70 ©C. The reaction was cooled to room 
15 temperature, 5 g of sodium chloride was added, and the mixture was 
extracted with 2 x 35 mL of ethyl acetate. The organic extracts were 
dried over sodium sulfate, decanted, and evaporated. The residue was 
dissolved in methanol, filtoed through a 0.45 micron membrane, and 
evaporated to give 1.30 g (24% yield) of Ar-(2-cyano-l- 
20 methylethyl)glycine ethyl ester as a yellow oil. 

iH NMR (400 MHz, CDQa): 5 4.20 (q, 2 H, H=7 Hz), 3.47 (d, IH, J = 
16 Hz). 3.41 (d, IH, J = 16 Hz), 3.05 (sextet, IH, J = 7 Hz), 2.49-2.38 (m, 
2H), 1.29 (t, 3H, J = 7 Hz), 1.27 (d, 3H, J = 7 Hz). 

25 

SSSD3i Hexahvdro-5-methvW2//W1.4-diflTi>pin-9w.n^ 

A^(2-cyano-l-methylethyl)glycine ethyl ester (1.30 g, 7.64 
mmol) was dissolved in 4.5 mL of methanol. Raney nickel (70 mg) was 
30 added and the reaction vessel was pressurized with 1 000 psi of hydrogen 
and heated to 50 OC for 6 hand to 100 OC for 4 h. Hie supernatant was 
decanted and filtered throng a 0.45 micron membrane and the catalyst 
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was washed with 3 x 3 mL of methanol. The combined filtmte was 
evaporated and the residue was chromatographed on 60 g of silica gel 
elutmg witfi 5-7% methanol in dichloromethane to give 0.33 g of 
colorless oil. Chromatography on 15 g of silica gel eluting with 20% 
methanol in ethyl acetate gave 217 mg (22% yield) of pure hexahydro-5- 
methyl.(2fl)-l,4-diazepin-2-one. 

iH NMR (400 MHz. CD3OD): 6 3.52 (d. IH. J = 15 Hz). 3.37 (d. IH, J 
= 15 Hz), 3.35 (IH, partially obscured by solvent). 3.23 (ddd, IH J = 15 
6. 2 Hz) 2.89 (dqd. IH. J = 10. 6. 3 Hz). 1.82 (dddd. J = 14. 6. 3.'l Hz). * 
1.39 (m. IH), 1.12 (d. 3H. J = 6 Hz). 

Mass spectrum (FAB) m/e = 129 (M+1). 

StgpC; 4-frm'Bufoxvrarhonv1^h«Ti,hvrf.v^^-n^ f yh y| i; »f ^ ^ ^ 
diazepin-;>-ftng, 



10 



25 



Hexahydro-5-methyI-(2/0-1.4-diazepin-2.one (200 mg. 1.56 
mmol) was dissolved in 3.0 mL of chloroform and di-rm-butyl 
20 dicarbomite (0.37 g, 1.69 mmol) was added with 0.4 mL of chlorform 
TTie solutoon was stirred at room temperature for 0.5 h and then at reflux 
tor 4.5 hr. The solution was dfluted with 20 mL of ethyl acetate and 
washed with 5 mL of saturated aqueous sodium bicarbonate and 5 mL of 
saturated aqueous sodium chloride. The aqueous layers were extracted in 
succession with 10 mL of ethyl acetate. The combined organic layers 

d^Bnted, and evaporated to give 360 mg 
(100% yield) of 4.(terr.butoxycarbonyl)-hexahydrD.5-methyl-(2ff).l 4- 
diazepm-2-one as ahnost coloriess crystals. 

IH NMR (400 MHz, CD3OD): 5 4.39-4.02 (m. 2H), 3,80 (bd, IH J = 17 

T2' f I o^^i i"' ^ = ^'^^-^-^ IH). 2.13 (dt, IH, i . 15. 

0 Hz). 1.80 (dtd. IH. J . 15. 10. 2 Hz). 1.46 (s. 9H). 1.16 (d. 3H. J = 6.5 
tiz). 



30 
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Mass spectrum (ESI) m/e = 229 (M-f 1). 

SSSI^ l-frerr-ButoxvcarbonvlV2.S.6.7-tetrahvdrn- 3-methoxv-7- 

methvl-f .4-dia»»piiift 

5 

By analogy to the procedure of Example 2, 4-(tert- 

butoxycarbonyl)-hexahydro-5-methyl-(2//)-l,4-diazepin-2-one gave 1- 

(te/t-butoxycarbonyl)-2^,6,7-tetrahydro-3-methoxy-7-methyl-(l/0-l,4- 
diazepine as an almost colorless oil in 86% yield. 

10 

»H NMR (400 MHz, CD3OD): 64.55-4.10 (m. 2H). 3.75-3.55 (m, 2H), 
3.60 (s, 3H), 3.40 (dd, IH. J = 16, 11 Hz), 2.02-1.90 (m, IH), 1.65 (dt, 
IH, J = 15, 1 1 Hz), 1.45 (s, 9H). 1.12 (d, 3H, J = 6.5 Hz). 

15 SSSBSi 4-frgrf-ButOXVCaifaonvlVhexahvdro-2-iTnino-S-fnethvl-f1/n- 

1.4-diazepine hvdtnrhlnn^ff, 

By analogy to the procedure of Example 3, l-(/e/t- 
butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-7.methyl-(l«)-l,4- 
20 diazepine gave 4-(/err-butoxycaibonyl)-hexahydro-2-imino-5-methyl- 
(1/0-1, 4-diazepine hydrochloride in quantitative yield. 

»H NMR (400 MHz, CD3OD): 5 4.60^.20 (m, 3H), 4.53 (dd, IH. J = 
14. 7 Hz), 3.34-3.23 (partiaUy obscured by solvent. IH), 2.19-2.07 (m, 
25 IH). 1.93 (dt. IH. J = 15, 10 Hz), 1.19 (d, 3H, J = 7 Hz). 

Mass spectrum (ESI) m/e = 228 (M-HCl+l). 

SSSall Hexahvdro-2-iminn-S-m.^hyl -n/yV1.4-dia7epini> 

30 dihvdrochlfiride 



By analogy to the procedure of Example 130 (Step D), 4- 
(teit-butoxycarbonyl)-hexahydK)-2-imino-5-metfiyl-(l/0-1.4-diazepine 
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hydrochloride gave hexahydio.2.iiiimo.5.methyKlJ?).l,4-dia2epine 
dihydrochloridc as a hygroscopic brittle foam in quantitative yield 

JH NMR (400 MHz. CD3OD): 6 4.52 (d, IH. J = 15 Hz), 4.18 (d, IH J 

7m i^?^-^^ ^-^^ (^J™- IH, J = 15 Hz), 1.89-1.77 (m. ' 

IH), 1.43(d,3H,J = 6Hz). 

Mass spectnim (FAB) m/e = 128 (M-2HC1+1). 



10 



EXAMPTR 140 

.CHs 



a 

fl NH 2HCI 

7^/;'7*^v^ ®y«^osy to the procedure ofExample 140 step F, 
2.5 6j.tetrahyAo-3^^^ ^ 

i^'^^??^^*^«*'^^^«^y*«"2-i»»ino-|.methyl-(l^ 
hydrochlonde. TTie crude product obtained fiom 124 mg (0.784 mmol) 

450c and 0.25 mL of ethyl acetate was added. After cooling to n>om 

t^^Pe'^ture, Ac resulting pale tan crystals were separated and dried 
25 under vacuum to give 108 mg (84% yield) of product. 

2H. J = 5.5 Hz). 1.80 (quintet, 2H, J = 5 Hz). 



Mass spectrum (FAB) m/e a 128 (M-HQ+l). 
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EXAMPLE ISO 

^U^NH 2HCI 

5 3-Amino-hexahvdro-2-imino-( 1^-azepine dihvdrochloride. 

Si^Al 3-(rgyt-ButoxvcarfaonvlaminoVepsilon-caprolactain. 

3-Aiiiiiio-epsil(m-caprolactain (2.00 g, 15.6 mmol) was 
10 dissolved in 25 mL of chlorofonn and di-/err-butyl dicaibonate (3.70 g, 
16.9 mmol) was added with 5 mL of chlorofonn. The solution was 
stirred at room temperature for 2 hr. The reaction was diluted with 10 
mL of chloroform and washed with 2 x 10 mL oflN aqueous 
hydrochloric acid, 10 mL of saturated aqueous sodium bicarbonate, and 
15 10 mL of saturated aqueous sodium chloride. The combined organic 
layers were dried (sodium sulfate), decanted, and evaporated to give an 
almost colorless crystalline solid. This material was dissolved in 15 mL 
of hexane and 20 mL of ethyl acetate at 75 OC, cooled to room 
temperature, and filtered to give 2.02 g (57% yield) of 3-itert- 
20 butoxycarbonylamino)-epsilon-caprolactam as white crystals. 

iH NMR (400 MHz, CD3OD): 5 4.26 (d. IH, J = 10 Hz), 3.29-3.16 (m, 
2H), 2.03-1.70 (m, 4H), 1.60-1.27 (m. 2H). 1.44 (s, 9H). 

25 Mass spectrum (FAB) m/e = 229 (M+1). 

2lSDLBi 3-(rgrr-ButoxvcariionvlaniinoV4.5.6.7-tgtrahvdm-2- 

metfaoxv-(3fn-azepin«» 



30 



By analogy to the procedure of Example 2, 3-(re/t- 
butoxycarbonylamino)-epsilon-caprolactam gave 3-(rerr- 
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butoxycarbonylaininoM.5 A7-tctrahydn)-2-methoxy-(3^.azepin^ as a 
colorless oil in 95% yield. 

IH NMR (400 MHz. CDCI3): 5 5.38 (bd. IH, J = 6 Hz), 4.58 (bdd. IH J 

5 = 10. 8 Hz). 3.68-3.62 (m.lH). 3.29 aiH. J =12 Hz). 1.99-1.70 (m. 
4H). 1.46 (s. 9H), 1.46-1.22 (m. 2H). 

StgpC; Krm-Bttto?{yrnrt?f>ny l amino)-hexahvdro-2-iminn.(]ff) - 

azepinehvHrf^flliyri^l^ 

10 

3-(/m-Butoxycarbonylaimno)-4.5.6.7-tetrahydro-2- 
inethoxy-(3/0-azepine (503 mg. 2.08 iiimol) was dissolved in 6.0 mL of 
ethanol and 111 mg (2.08 mmol) of ammonium chloride was added The 

was heated to reflux for 3 h. cooled to room temperature, and 
15 evaporated. The residue was dissolved in 4 mL of chlorofbnn. filtered 
through a 0.45 micron membrane, and evaporated under a stream of 
nitrogen to a weight of 1.18 g. Dioxane (4.0 mL) was added and the 
mixtare was stirred briefly untU it became homogeneous. After crystals 
had formed, the mixture was cooled to 0 ©c and filtered to give 3-(tert- 

20 butoxycarfHinylamino).hexahydro-2-imino.(lfl).a2epine hydrochloride 
as white crystals (623 mg. 85% yield) which retained 1 equivalent of 



5, lu!^^. ^ 84J7 (d. IH. J = 10 Hz). 3.57-3.46 (m. 

25 ffl). 2.06-m (m, 2H). 1.89-1.66 (m, 3H). 1.51-1.42 (m. IH). 1.46 (s. 

Mass spectrum (FAB) m/c = 228 (M+1). 

3-Amino-hP?fflhy(tro-2-imino-f 1 ffl-arenin^ Atu^Ar^i^^^^ ^ 

By analogy to die procedure of Example 130 (Step D) 3- 
(/err.butoxycarbonylamino)-hexahydro-2-imino.(lfl)-azepine. 
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hydiochloride salt gave 3-aiiimo-liexahydro-2-iiiiino-(lJ¥)-azepiiie 
dihydrochloride as fine white crystals in quantitative yield. 

iH NMR (400 MHz, CD3OD): 5 4.71 (dd, IH. J = 10, 1.5 Hz), 3.61- 
5 3.50 (m. 2H), 2.15-1.82 (m, 5H), 1.60-1.47 (m, IH). 

Mass spectnim (FAB) m/e = 128 (M-2HC1+1). 



10 EXAMPLE ISI 

U^NH 2Ha 

(5V3-Amino-2-iiiiiimniperidiiie dihvrfmrhinr^^ 

15 

SSSSLAi (5V3-(terf-ButoxvcariinnvlaininQV2.pipgridnnft 

1-Hydroxybenzotiiazole (960 mg, 7.10 mmol) and l-(3- 
dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (1.36 g, 7.09 

20 mmol) were added to a stirred suspension of 1 .50 g (6.46 mmol) of iV- 
alpha-(rtfrr-butoxycatbonyl)-L-oimthine in 15 mL of N,N- 
dimethylfonnamide. After stirring overnight at room temperature, most 
of the solvent was removed on a rotary evaporator and die residue was 
diluted with 50 mL of ediyl acetate. The mixture was washed with 15 

25 mL each of 2 iV aqueous hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The oiganic layer 
was dried (sodium sulfate), decanted, and evaporated to give 706 mg 
(55% yield) of (5)-3-(terf-butoxycarbonylamino)-2-piperidone as a 
colorless viscous syrup. 

30 

iH NMR (400 MHz, CD3OD): 5 4.02-3.92 (m, IH), 3.30-3.22 (m, 2H), 
2.15-2.05 (m, IH), 1.97-1.70 (m. 3H). 1.45 (s, 9H). 
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SlOi^I (■y)-3-(tert-BlirnxvciiThnnyla^ipo^3 4^#^tffyn,flY|f|^7 

methoxvpyriHjnft, 

By analogy to the procedure of Example 2. (SyS-itert- 
5 butoxycarbonylaiiimo)-2-piperidone gave (5)-3-(/m- 

butoxycarbonylamino)-3.4.5,6-tetrahydio-2-methoxypyridme as white 
crystals in (83% yield). 

lHNMR(400MHz,CDCl3): S 4.85-4.75 (bs, IH). 4. 19-t.09(bs IH) 
10 3.63 (s. 3H). 3.49 (t. 2H. J = 6 Hz). 2.12-2.02 (m. IH). 1.86-1.61 (m. 3H). 
1 .46 (s, 9H). 

Mass spectrum (FAB) m/e = 229 (M+l). 

15 

S^B^^^ (y)-3-(terr-Biirnxvcafhonvl».mi poV2-iinin«pip ^ril^in,» 

hvdrochlnririg, 

analogy to the procedure of Example 3. (5)-3-(rm. 
20 butoxycaibonylamino).3.4 A6-tetrahydro-2.methoxypyiidine gave (5)-3- 
(terr.butoxycaibonylaniino>2-iminopiperidinc hydrochloride as white 
crystals in quantitative yield. 

IH NMR (400 MHz. CD3OD): 6 4.40^.33 (m, IH), 3.45-3.30 (m, 2H). 
25 2.10-1.84 (m, 4H). 1.47 (s. 9H). 

Mass spectrum (FAB) m/e = 214 (M-HQ+l). 



30 



By analogy to the procedure of Example 130 (Step D), (5)-3- 
(/m.butoxycarbonylamino).2-iminopiperidine hydrt)chloride gave (S)-3- 
ammo-2-iniinopiperidine dihydrochloride as a white crystalline solid in 
quantitative yield. 
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iH NMR (400 MHz. CD3OD): 8 4.48 (t, IH. J = 6 Hz). 3.47 (t. 2H, J = 
6 Hz). 2.37-2.24 (m. IH), 2.08-1.90 (m, 3H). 

5 Mass spectrum (FAB) m/e = 1 14 (M-2Ha+l). 



Using the method described Example 2, 4,5,6,7-tetrahydro- 
(2fl)-l,4-oxazepui-3-one (prepared by the method of S. Suzuki, U.S. 
patem 4126614. im CA2Q:138397) was converted into 2.5,6,7- 
tetrahydro-3-methoxy- 1 ,4-oxazepine. 



IH NMR (400 MHz, CDCI3): 8 4.18 (s. 2H). 3.87 (t. 2H. J = 6 Hz). 3.64- 
3.60 (m. 2H), 3.58 (s. 3H), 1.93-1.86 (m, 2H). 

Hexahvdio-3-imino.l 4-nvaT<>pine hvdmrhlAriri*. 

Using the method described in Example 3, 2.5,6.7- 
tetrahydro-3-methoxy-l,4-oxazepine was converted into hexahydro-3- 
imino-l,4-oxazepine hydrochloride. 



EXAMPLR152 




(j'^NH HCI 



Hcxahvdro-3-imino-1 it-nxazepine hyd rochloride. 




30 IH NMR (400 MHz. CD3OD): 8 4.47 (s, 2H), 3.96 (t. 2H. J = 5 Hz). 
3.64-3.60 (m. 2H). 1.90 (quintet. 2H. J = 5 Hz). 
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Mass spectrum (FAB): m/e = 1 15 (M-HCl+1). 



Q. 



EXAMPLRIS^ 
•{j-^NH HQ 

H6XahY<ln>-3-iinino-l .4.thifl7ftpin>. t^ vdrochlnriHft 
10 SifiBA 4.5.6.7-Tetnihvrim-r2m.lA-thi..^jn-^-|^|^n^ 

Phosphorus pentasulfide (1.18 g. 2.66 mmol as P4S10) and 
sodium bicarbonate (3.56 g, 42.5 mmol) were added to a stined solution 
of 500 mg (3.81 mmol) 4,5,6,7-tetrahydro-(2fl)-l,4-thiazepin-3-onc 

15 (prepared by the method of M.F. Shostakovskii, et al. Ztu Obshch. Khim. 

1453; £A55:22177g)in 15mLofdrydioxaneandtiiemixtuii 
was stined at 75 ©c for 4 h. The solvem was removed in vacuo, water 
(15 mL) was cautiously added, and the mixture was heated to 50 oq for 1 
h. The reaction was cooled to room temperature and sodium chloride 

20 (6.1 g) was added followed by 40 mL of dichloromethane. To facilitate 
separation of the layers, 30 mL of saturated aqueous sodium chloride and 
100 mL of ethyl acetate were also added. The aqueous layer was 
extracted with 3 x 40 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfete). decanted, and evaporated. The crude 

25 product was chromatographed on 30 g silica gel, eluting witfi 1.25 L of 
20% ethyl acetate/hexane and 200 mL of 5% of ethyl 
acetate/dichloromethane to give 380 mg (68% yield) of 4,5,6.7- 
tetrahydro-(2/0-l,4-thiazepin-3-thione as a white soUd. 

30 IH NMR (400 MHz. CDCI3): 5 8.55 (bs. IH). 3.74 (s. 2H), 3.51-2.44 
(m. 2H), 2.92-2.87 (m, 2H), 1.97 (quintet. 2H. J = 5 Hz). 
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Mass spectrum (FAB): m/e = 148 (M+1). 

SSSR3i 2.5.6.7-Telrahvdro-3-ethft«v-1 4-thia7epin>. 

5 Employing the method of E. Mohacsi and E.M. Gordon 

(Synth. Commun., 1984. 14, 1159), ethyl chloroformate (0.112 mL, 1.17 
mmol) was added to a mixture of 4,5,6,7-tetiahydro-(2/0-1.4-thiazepin- 
3-thione (150 mg, 1.02 mmol) and 0.30 mL of diy dioxane. The mixture 
was stirred and occasionally swirled for 1.5 h at room temperature. The 

10 mixture was diluted with 15 mL of ethyl acetate and washed with 15 mL 
of saturated aqueous sodium carbonate, 10 inL of saturated aqueous 
sodium carbonate, and 10 mL of saturated aqueous sodium chloride. The 
aqueous layers were extracted in succession with 15 mL ediyl acetate; 
The combined organic layers were dried (sodium sulfate), decanted, and 

15 carefully evaporated to give 158 mg of crude 2,5.6,7-tetrahydn>-3- 
ethoxy-l,4-thiazepine as a slightly volatile yellow oil. 

IH NMR (400 MHz, CDQs): 5 4.02 (q, 2H, J = 7 Hz). 3.54-3.50 (m. 
2H), 3.28 (s. 2H), 2.88 (t, 2H. J = 5 Hz), 1.94-1.87 (m. 2H). 1.26 (t. 3H J 
20 =7Hz). 

StSSiSll Hexahvdro-^-imino.1 ^-thiari^pine hvdmchlnririe 

Using the method described in Example 3, 2,5,6.7- 
25 hexahydro-3-ethoxy-l,4-thiazepine (150 Qg, 0.94 mmol) was converted 
into the amidine hydrochloride. In this case, the crude product (138 mg) 
was recrystallized from metfaanol/ethyl acetate at 60 OC with cooling to 0 
oc to give 56 mg (29% yield) of hexahydro-3-imiiio-l,4-thiazepine 
hydrochloride containing 25% ammonium chloride. 

30 

iH NMR (400 MHz, CD3OD): 53.62 (s. 2H), 3.60-3.58 (m, 2H), 3.01- 
2.97 (m. 2H). 1.95 (quintet, 2H. J = 5 Hz). 



Mass spectrum (FAB): m/e = 131 (M-HQ+l). 
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10 



25 



EXAMPTP1S4 
'fj^NH 2HCI 

HCTPhYdrO-3-iminQ-5-Pronvl-n WVl A-Hia^^p l yi^ ^ f ihvdmrhlnrirf. 



l-Hexen-3-one (5.04 g, 5 1.3 mmol) was added to a solution 
of glycine ethyl ester (5.3 g, 51.3 mmol) in 50 mL of chloiofonn. After 3 
h at room temperature, chlorofonn (15 mL) was added followed by 
portionwise addition of di-terr-butyl dicaibonate (12.2 g. 56 mmol). TTie 
15 solution was stirred overnight at room temperature and then washed with 
50 mL of sanirated aqueous sodium bicarbonate and 50 mL of saturated 
aqueous sodium chloride. The combined aqueous layers were extracted 
wiA 2 X 50 mL of ethyl acetate. The combined organic layers were dried 
(sodium sulfate), decanted, and evaporated. Flash column 
20 chromatography on 450 g of silica gel eluting with 10% ethyl 

acetate/hexane gave 13.7 g (89% yield) of Ar.(te/t.butoxycarbonyl)-M(3- 
oxohexyl)gIycine ethyl ester as a yellow oil. 

iH NMR (400 MHz. 0X33) showed two distinct rotamers in a 3:2 ratio 
Reamer A (major): 8 4.13 (q. 2H. J = 7 Hz). 3.92 (s. 2H). 3.49 (t. 2H. J 
= 6 Hz). 2.75 (t. 2H. J = 6 Hz). 2.37 (t. 2H. J = 7 Hz). 1.62-1.50 (m. 2H). 
L38(s.9H). 1.25(t,3H.J = 7Hz). 0.87 (t. 3H. J = 6 Hz). RotamerB 
(mmor): 5 4. 19 (q, 2H, J = 7 Hz). 3.97 (s. 2H). 3.46 (t. 2H. J = 6 Hz). 

.0 om ^-^^ ' = ^•^2-1.50 (m. 2H). 1.45 (s. 

30 9H). 1.23(t.3H. J = 7Hz). 0.89 (t. 3H. J = 6 Hz). 



Mass spectrum (FAB): m/e 



= 202(M-99). 
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10 



15 



20 



etnvi e^^tgf , 

Benzylamine (5.7 g, 53.2 mmol) was added to stined 
solution of M(fm-butoxycaibonyI).A^.(3-oxohcxyl)glycine ethyl ester 
(8.07 g, 26.6 mmol) in 30 mL of pyridine and 30 mL of glacial acetic 
aadatOOC. ATHFsolutionof sodium cyanoborohydridc (1.0 173 
mL, 17.3 mmol) was added via syringe at 2.0 mL/h. After completion of 
the addition, the reaction was continued at 0 OC to room temperature 
overnight The reaction was poured into a mixture prepared from 20 mL 
ofconcenttated hydrochloric acid and 230 g of ice. and extracted with 4 x 
200 mL of ethyl acetate. TTie ediyl acetate layers were washed in 
succession with 500 mL of saturated aqueous sodium cari)onate and 500 
mL of saturated aqueous sodium chloride, dried (sodium sulfate) 
decanted, and concentrated to give a yeUow oil. Flash column 
chromatography on silica gel eluting with 5-50% ethyl 
acetate/dichloromethane furnished 5.44 g (59% yield) of Ar-(fer7- 
butoxycarbonyl>Ar-(3.(benzylamino)hexyl)glycine ethyl ester as a yeUow 



IH NMR (400 MHz. CDQa) was compUcated by the presence of a 5 4 

377"^ l^^i t?^''^^ """^^ ^-^^ 2H. J = 7 Hz). 3.94- 
2s ? oS' f^,* '^^'^'^^ ^» ^•'^2.2.50 (m. IH). 1.75-1.21 
^5 (m, 9H). 1.43 and 1.39 (two s, 9H). 0.89 (t, 3H, J = 7Hz). 

Mass spectrum (ESI); m/e = 393 (M+1). 

3Q ^-(rm-Bnroxvrarf>onvi^A;.rvan^jn^h exviwiv.i«^f >rt^yl 



V /K , T" ^'^ ^ ^^^-^ of Ar.(fm-butoxycari>onyI)- 
M(3-(benzylamino)hexyl)gIycine ethyl ester in 1 5 mL of ethanol and 7 5 
mL of glacial acetic acid was shaken with 2.08 g of 20% palladium 
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hydroxide on caibon under 45-47 psi of hydrogen for 24 h. The mixtuie 
was filtered and catalyst was washed with ethanol. The filtrate was 
concentrated and die residue was partitioned between 100 mL of ethyl 
acetate and 50 mL of saturated aqueous sodium bicarbonate. The 
5 aqueous phase was extracted widi 3 x 50 mL of ethyl acetate, and the 
combined organic layers were dried (sodium sulfate), decanted, and 
concentrated to give A^(^m-butoxycarbonyl)-^-(3-a^linohexyl)glycine 
ethyl ester as a colorless oil in quantitative yield. 

10 lHNMR(400MHz.CD3OD) was complicated by the presence of a 2: 1 
mixture of rotamers: 5 4.21-4.14 (m, 2H). 3.97-3.86 (m, 2H). 3.59-3.50 
(m. IH), 3.43-3.17 (m. IH). 2.80-2.68 (m, IH). 1.75-1.65 (m, IH). 1.50- 
1.23 (m, 8 H), 1.47 and 1.40 (two s. 9H), 0.96-0.90 (m, 3H). MS(FAB): 
m/e«303(M+l). 

15 

SiSILDi 4-ffgrf-ButoxvcarhonvlVh«Ti.hvdro-7-pmnvl.r2fn-1 4- 

dia2epin-2-nne 

A solution of JV-(fcfr-butoxycaibonyl)-A^-(3- 
20 aminohexyl)glycine ethyl ester(3.3 g, 10.4 mmol) m 40 mL of ethanol 
was refluxed for 2 d. The solvent was evaporated and the residue was 
purified by flash chromatography on 200 g of silica gel, eluting with 20- 
50% ethyl acetate^dichloromethane followed by 10% 
methanol/dichloromethane. 4-(terr-Butoxycaibonyl>-hexahydro-7- 
25 propyl-(2^-l,4-diazepin-2-one was isblated as 804 mg (30% yield) of 
white solid and 1.64 g (62%) of starting material was recovered. 

iH NMR (400 MHz, CD3OD) was complicated by the presence of a 
mixture of rotamers: 6 4.18-4.01 (m, 2H), 3.84-3.64 (m, IH), 3.51-3.30 
30 (m, 2H). 1.98-1.85 (m, IH), 1.71-1.33 (m, 5H). 1.45 (s. 9H). 0.94 (t. 3H. 
J=7Hz). 

Mass spectrum (FAB): m/e = 157 (M-99). 
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SSSaBLEn 1 -( terf-ButnxvcarfaonvlV-2.S.6.7-tetrahvdro-3-methoxv-S- 

prQpvl-ri/n-L4-diazepme. 

Using the method described in Example 2, A-(tert- 
5 butoxycaibonyl)-hexahydro-7-propyl-(2^0- 1 ,4-diazepin-2-one was 
converted into l-(fe/t-butoxycart)onyl)-2,5,6,7-tetrahydro-3-methoxy-5- 
propyl-(l^-l,4-diazepine. 

1h NMR (400 MHz, CD3OD) was complicated by the presence of two 
10 cotamers: S 4.30 and 4.17 (two d, IH, J » 16 Hz). 4.07-3.95 (m, IH), 
3.59 (s, 3H), 3.54-3.36 (m, 3H), 1.95-1.78 (m, IH), 1.61-1.32 (m. 5H), 
1.45 (s. 9H), 0.92 (t. 3H, J = 7 Hz). 

Mass spectrum (FAB): m/e = 256 (M+l). 

15 

l-rterf-ButoxvcaibonvlV^-fteff-hMtoTvcaAnnvliminnV 

h6xahYdro-5-propyl-( .4-diiggping. 

Using the method described in Example 3, 100 mg (0.373 
20 mmol) of l-(terf-butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5- 
propyl-(l/0-l,4-diazepine yielded 104 mg of crude l-(reit- 
butoxycarbonyI)-hexahydro-3-imino-5-propyl-(l^ 1 ,4-diazepine 
hydrochloride salt as an amber foam. Without purification, this 
intermediate was dissolved in 1.0 mL of chloroform and treated with 
25 0.045 mL (41 mg, 0.36 mmol) of 1,1,33-tetramethylguanidine and 85 mg 
(0.392 mmol) of di-rerr-butyl dicarbonate. After stirring 24 h at room 
temperature, the mixture was partitioned between 25 mL of chloroform 
and 10 mL of saturated aqueous sodium chloride. The aqueous layer was 
extracted with an additional 25 mL of chloroform and the organic layers 
30 were dried (sodium sulfate), decanted, and evaporated. The residue was 
purified by flash column chromatography on 10 g of silica gel eluting 
with 20% ethyl acetate/hexane to furnish 46 mg (41% yield) of l-(terr- 
butoxycarbonyI)-3-(terr-butoxycarbonylimino>hexahydro-5-propyl- 
(lJ^-l,4-diazepine as a coloriess film. 
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20 




described in Examole 130 rSf^.n^^ i 

a«)-I.4-diazepiiiedihydrocliloii(le. """noj propyl- 

lHNMR(400MH2.CD3OD): 5 4 44filH I 

Mass spectnim (FAB): m/e = 156 (M.2Ha+l). 



EXAMP[,r? 

25 CHi'^d'^NH 2HCI 




30 
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with di-fm-butyl dicaibonate to giveiV-(terr-biitoxycaibonyl)-^-(3- 
oxobutyl)glycine ethyl ester. 

1H NMR (400 MHz, CDCI3) showed two distinct rotamers in a 3:2 ratio. 
5 Rotamer A (major): 5 4.14 (q. 2H. J = 7 Hz), 3.92 (s, 2H), 3.49 (t, 2H, J 
= 6 Hz), 2.79 (t, 2H, J = 6 Hz), 2.12 (s, 3H), 1.38 (s, 9H), 1.25 (t, 3H, J = 
7 Hz). Rotamer B (minor): 54.14 (q. 2H, J = 7 Hz), 3.97 (s, 2H), 3.46 (t, 
2H. J = 6 Hz), 2.74 (t, 2H, J = 6 Hz). 2.13 (s, 3H). 1.45 (s, 9H), 1.23 (t, 
3H.J = 7Hz). 

10 

Mass spectrum (ESI): m/e = 296 (M+Na). 

SiSSLhl A^-(rm-Butoxvcari)onvn-A^-(3-fbenzvlaminolhutvn plvcine 

gtfayl ester. 

15 

Using the method described in Example 154 (Step B), N- 

(/«rr-butoxycarbonyl)-A^(3-oxobutyl)glycine ethyl ester was converted 

into iV-(jm-butoxycarbonyl)-/V-(3-(benzylamino)butyl)glycine ethyl 
ester. 

20 

1H NMR (400 MHz, CDCI3) was complicated by the presence of two 
rotamers: 6 7.36-7.20 (m. 5H). 4.16 (bq. 2H, J = 7 Hz), 3.96-3.68 (m, 
4H), 3.50-3.21 (m, 2H). 2.89-2.66 (m. IH). 1.74-1.54 (m, 2H), 1.43 and 
1.40 (two s, 9H), 1.26 and 1,24 (two q. 3H, J = 7 Hz), 1.13 and 1.10 (two 
25 d,3H,J = 6Hz). 

Mass spectrum (ESI): m/e = 365 (M+1). 

StfiClI: M(rgyt-ButoxvcarfaonvlVAr-f^-aminobutvnylvdne.i»fhyl 

30 ester. 

Using the method described in Example 154 (Step C), A^- 
(rerr-butoxycarbonyl)-A^(3-(benzylamino)butyl)g]ycine ethyl ester was 
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converted into A^-(rm-butoxycarbonyl WS-aminobutyl)^^^^^^ ethyl 



'HNMR(4MMHzXDa3)wascomplicatedbythcp,^se„^ 
7T^7 r 1 n?' ' = ' '-^-^-^^ 2H), 3.58-3.49 (.^ IH) 
tiwo s, »M), 1.30-1^ (m, 3H). 1.I5-1.I0 (m. 3H). 

Mass spectmm (ESI): mh « 275 (M+I). 



10 



IS f„„K.., '!'*"»*<^<'««=ri'>«l in Example 154 (Step D) AT. 

»«.4^«n-b«,oxyc«lK»yI>texahyd^7-me*yl.^ 

20 84.35-335 (m.5H). 1.90-1.60 (m.2H). ,.44(s.9H). 1.22(d.J 

Mass spectrum (ESI): m/c = 229 (M+1). 

" -^'^^ 

Using the method described in Example 2, 4-(i*«- 
'»««yc«bonyl)-hexahyd«)-7-methyH2fl)-I.4.dLp^„-^„as 

«H NMR (400 MHz. CDQj) was complicued by the presence of two 
«4J5«»i4.14(.wod, 1H.J= ,6H.U.95(d. lUjI^ 
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Hz), 3.64-3.30 (m, 3H), 3.58 (s, 3H), 1.92-1.82 (m. IH), 1.63-1.52 (m, 
IH), 1.43 (s. 9H), 1.22 (d, 3H, J = 6 Hz). 

Mass spectrum (ESI): in/e = 243(M+l). 

5 

StfilLE l-(fgrf-ButoxvcarbonvlVhexahvdro-3-imino-5-methvl-flfn- 

1.4-diazepine hydrochloride. 

Using the mediod described in Example 3, l-itert- 
10 butoxycart>onyl)-2.5,6,7-tetcahydro-3-methoxy-5-methyHl^l,4- 
diazepine was treated with ammonium chloride in ethanol. 
Recrystallization of the crude product fix>m chloroform/dioxane yielded 
l-(rerf-butoxyca]i)onyl)-hexahydro-3-imino-5-methyl-(lA)-l,4-diazepine 
hydrochloride as white crystals. 

15 

1H NMR (400 MHz, CD3OD) was complicated by the presence of two 
rotamers: 5 4.53 and 4.45 (two d, IH, J = 16 Hz), 4.32 and 4.21 (two d, 
IH, J = 16 Hz), 4.13 (dt, IH, J = 14, 3 Hz). 3.96-3.86 (m, IH), 3.34-3.20 
(m, IH), 1.89-1.81 (m, IH), 1.78-1.62 (m, IH), 1.47 (s, 9H), 1.35 (d, 3H, 
20 J = 6Hz). 

Mass spectrum (ESI): m/e = 228 (M-HQ+l). 

Smni Hexahvdio-3-imino-5-methvl-nfn-1.4-diazepine 

25 dihvdrochloride. 

Using the method described in Example 130 (Step D), 1- 
(rm-butoxycarbonyl)-hexahydFo-3-imino-5-methyl-(l/f)- 1 ,4-diazepine 
hydrochloride was converted into hexahydro-3-imino-5-methyI-(l^l,4- 
30 diazepine dihydrochloride. 



iH NMR (400 MHz, CD3OD): 5 4.54 (d, IH, J = 15 Hz), 4.21 (d, IH, 
15 Hz), 4.10-4.01 (m, IH), 3.64 (dt, IH, J = 14, 3 Hz), 3.40 (td, IH, J = 
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14. 3 Hz). 2.08 (dtd. IH. J = 14. 3. 1 Hz). 2.01-1.88(m. IH), 1.43 (d. 3H. 
i — 1 Hz). 

Mass spectrum (FAB): m/e = 128 (M-2HC1+1). 



10 



15 



EXAMPLE 156 

\ 

'tl'^NH 2HCI 

2-Imino-<1crahvdro-riy..i ■4.iv»nT^,>)^| p2eninft HitfY ^^rwhlT?riffff 

^ °^ hydrocWoride (8.31 e. 

66.2 mmol) in 150 ml MeOH were added 2-mtiobenzaldehyde (10 £ 
66.2 mmol) and 27 g of powdered molecular sieves (3A) . After stirring 
at room temperature overnight, sodium cyanoborohydride (12 5 g 199 
mol) m 150 ml of THF was added, then the reaction mixture was further 
stiiTCdfor8h. The solvent was removed under reduced pressure Hie 
residue was suspended in EtOAc and filtered throught a pad of celite The 
filtnue was washed with sat NaHOOa. THe aqueo^layH^ ^Ij;^' 
twice with EtOAc. The combined organic layeis were dried over 
«°hyd">usNa2S04. filtered, concentrated and chromatographed on 

25 alica gel eluting with hexane-EtOAc to give 2.94 g of the desired 
product 

^ «!!r * * '=«^>- 7 «(1H. d. J=8Hz). 

30 ^ ** ^" »>• "3(3H. s). 3.47(2H. 



20 



Mass Spectnun m/e e 223 (M++1) 
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Step B: N-f2-Aininophenvnmethvl-N-t-butvloxvcaifaonvl-plvcine 
metfavl ester 

5 To a solution of N-2-nitrophenylmethyl-glycine methyl ester 

(2.94 g, 13.1 mmol) in 80 ml CH3CN was added di-t-butyl dicarbonate 
(3.43 g, 15.7 mmol) and diisopropylethylamine (6.8 ml, 39 mmol). After 
stirring at room temperature overnight, the solvent was removed under 
reduced pressure, diluted with EtOAc, washed with NH4CI solution. The 

10 aqueous layer was extracted with EtOAc twice. The combined organic 
layers were dried over anhydrous Na2S04, concentrated and 
chromatographed on silica gel eluting with hexane-EtOAc to give 4.1 1 g 
of N-2-nitrophenylmethyl-N-t-butyloxycarbonyl-glycine methyl ester. 
This material was dissolved in ISO ml of MeOH and hydrogenated in a 

15 Parr shaker (50 psi) with 164 mg of 10% Pd/C overnight. Tlie reaction 
mixture was then filtered through a pad of celite and was concentrated. 
The residue was chromatographed on silica gel eluting with hexane- 
EtOAc to give 3.6 g of the desired product 

20 iH-NMR (500MHz, CDCI3): S 7.1(1H, t, J=7.6Hz), 6.97(1H. d, J=7Hz). 
6.66(2H, multiplet), 4.47(2H. s), 4.41(2H, br. s), 3.71(3H, s), 1.46(9H, s). 

Mass spectrum m/e s 295 (M+-I-1). 

25 Step C: 4-t-Butvloxvcaibonvl-4.5-dihvdm-1H-henzo-feVl,4^ifl7qnii. 
2ai£bS2llfi 

To a 150 ml DMF solution of N-(2-aminophenyl)methyl-N- 
t-butyloxycarbonyl-glycine methyl ester (3.6 g, 12.2 mmol) was added 
30 NaH (308 mg, 12.8 mmol). After stirring overnight, DMF was removed 
under reduced pressure. The residue was diluted with CH2a2 and was 
washed with aqueous NH4CI. The aqueous layer was extracted with 
CH2CI2 twice. The combined organic layers were dried over anhydrous 
Na2S04* filtered and concentrated to give pale yellow fluffy solid. This 
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material was suspended in hexanes : EtOAc = 5:1. The solid material 
was coUected by suction ffltration to give 2.53 g of desired product as 
white solid. 

5 IH-NMR (500MH2. CDCI3): 5 8.1.6.95(4H. br m). 4.M.2(4H. br m) 
1.4(9H, brm). 

Mass spectrum m/e = 263 (M++1), 163(M+-Boc). 



A'u ^ 7*^ "^^"^ of the4-t-butyloxycaibonyI-4.5- 

15 added 500 mg of Pt02. TOs mixture was hydK,genated in a Pair shaker 
^.^iT'^^i^^Y^'^'^ through a pad of ceUte. and concentrated. 
The residue was dduted with EtOAc. washed with sat NaHCOs twice 

dned over anhydrous Na2S04. filtered and concentrated. TTie residue' 

was chromato^phed on silica gel eluting with hexane-EtOAc to give 
20 965mgofthedesiredproducL 

Mass spectrum m/e a 269(M++1), 169(M+-Boc). 

Step E; 4-t-Butvloxvcariv>nvi-o-jynjp^.,hy^^ ^^ ^ ^ 
PCnZQfe)dia7enine hvH«^h|^^^> 

This compound was prepared following the piocedure 
aescnbed m examples 2 and 3. 

30 Mass spectrum m/e = 268(M++1) 
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To EtOAc (1 mL) solution of 30 mg (0.1 nunol) of 4-t- 
butyloxycaibonyl-2-umno.decahydro<is-l,4-benzo(e)dia2epm^ 
hydrochloride was added 2ml of EtOAc solution of anhydrous HCl 
After stirring for Ih, the solvent was removed under reduced pressure to 
give 21.6 mg of the desired compound. 

Mass spectrum m/e s 168 (M^+l) 

EXAMPf F ]S7 



CO 



.HQ 

H NH 



" Step A: 4.'S-nihvHm-w.i».,r.i „ rnT i n y fun nnr 

U mL H20 and cooled to Ooc in mice bath. Sulfiuic «dd ( 0.5 mL) 

20 tem«^^« A^'l?- '"'I""'™ warned to ™om 

layer was ranoved and dried 
w^d. N.2S04 After filtering, the CHQs solution was added Ta 
~ ution of I.Og a-letialone (6.84 mmol) in 2mL CHCI3. Tie combined 
sotof^s were cooled to 0° C in mi ice bath, and Z2 mL sulfuric acid 

7t ^^f^ ^V^- ^ "'""i'" *•» wanned to 450 C 

^"*'^™-*"«»'«''°'«»»'emperam,e. Tl» H2SQ4 phase w^ 
dUuted with H20 and cooled .0 CO C. A 50% aqueous soludon of NaOH 

with H20 / aOAc and sttired untO the solids were dissolved n,e 
aqueous phase was extracted with ethyl acetate, and the combined 
30 orgamc layers were dried wiU, N.2SO4. fUterei conc^"^ 
^^^e»Phed with hexanea / ethyl acetate to isolate 0.64g (58%) of 



WOM/14844 



PCTAJS9S/14812 



-222- 



iH NMR 500 MHz (0)03): 2.18-2.27 (m, 4H), 2.76 (!» 2H). 7 ( app. d, 
IH), 7.12 (app. t, IH). 7.23 (app.t, 2H). 

5 Mass spectrum m/e = 162 (M-(-l) 

Step B: Qctahvdro-cis-3H-benzre^-a7.epin.2f IHVnne 

4,S-Dihydro-3H-beiiz(e)azepin-2(lH)-one (0.5 g, 3.1 mmol) was 
10 dissolved in 4 mL acetic acid and 0.25 g platinum (TV) oxide was added. 
The mixture was shaken under a hydrogen atmosphere at 5Q psi 
overnight. The mixture was filtered through Celite, which was tfien 
washed witii lOmL ethyl acetate. The collected solution was 
concentrated to a crystalline soUd. Chromatography with hexanes / ethyl 
15 acetate isolated 0.45g (87%) of product. 

IH NMR (400MHz. CDCI3) 1.1-1.9 (m, 12H), 2.45 (m. 3H). 3.76 (app. s 
IH), 5.2(brslH). 

20 Mass spectrum m/e s 168 (M+l) 

Step C; 2-Imino-decahvdro-3H-heiirri .^azenin hvdmrhlnriHp 

The title compound was prepared following the procedure 
25 described in Examples 2 and 3. 

iH NMR (500 MHz. CD3OD) 1.0-2.4 (m, 13H). 2.58-2.76 (m, 3H). 3.34 
(m.lH),3.98(s. IH). 



30 Mass spectrum m/e s 167 (M-t-1) 
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EXAMPLE m 




.HOAc 



5 Trans-Octiihvdro-3-ifnino.lH-1.4-heni>thla7 ine. acetic acid salt 

The title compound was prepared from traiis-2-aminocyclohexanol 
hydrochloride according to the procedure described in Example 140. 

10 Mass spectrum m/e = 171 G^+1) 



EXAMPLE 159 




.HOAc 



15 

as-QctahYdn>-3-imino-?H-1.4-lv>nzthi«Tine. aceric flclH calf 
Step A: 2-F.rhoxvrarhnnvlmethvlfhin-cvclohexannnP 

A solution of 1.14 mL (10 mmol) of 2-chlorocyclohexanone 
in IS mL of EtOH was treated with 1.1 mL (10 mmol) of ethyl 2- 
mercaptoacetate and 1.38 g (10 mmol) of K2CO3. After stirring for 1 h 
the reaction mixture was partitioned between water and Et20:EtOAC. 
The organic layer was washed with water, brine, dried and concentrated. 
Purification of the residue by chromatography using a gradient of 10-20% 
EtOAc-hexane furnished 2.0 g of die title compound. 



StepB: Cis-Hexahvdrn-l S- hanzAistxarin^Vdlf^^f 
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To a solution of 0.43 g (2 mmol) of 2- 
ethoxycarbonylmethylthio-cyclohexanone in 5 mL of MeOH, 0.12 g 
(2.24 mmol) of NH4CI was added and strieed for 10 min to allow some 
of NH4a to dissolve. A THF solution of NaCNBHa (IM. 2.3 mL) was 
diopwise added to this mixture with a syringe pump over 40 min. White 
precipitate was formed as die reducing agent was added. After stirring 
for 4 h, the reaction was quenched by adding NaHCOa solution and 
extracted with EtOAc. The organic layer was washed with water, brine, 
dried and concentrated. The residue was dissolved in 3 mL of EtOH. 
heated to 50 oc for 2 h then aUowed to stand for 2d. The solution was 
concentrated and the residue was chromatographed using a gradient of 
20-100% EtOAc-hexane to isolate 30 mg of the desired product along 
with 53 mg of the trans-hexahydro-l,4-benzthiaxazin-3(4H)-one. 

15 IH NMR (CDC13): 1.2-2.0 (m, 8H). 3.08 (m. IH). 3.22 and 3.34 (AB q. 
2H, J=16 Hz), 3.75 (m, IH), 6.3 (br s. IH). 



10 



20 



StgP C; aS-OrtahYdm-3-imino-2H-1 4-benzthiflrin^ , acetic acid salt 

The title compound was prepared from cis-hexahydro-1,4- 
benrdiiaxazin-3(4H)-one by die method of Example 140 step D and E. 

lHNMR(CD30D): 1.35-2.1 (m,8H). 1.95 (s.3H). 3.4 (m. IH). 3.46 
(d. IHX 3.74 (m, IH), 3.79 (d, IH). 

Mass spectrum m/e s 171 QA+1) 

EXAMPIF 1^ 

30 ^^{j^NH HQ 



25 



2-Imino-5((>HVpxa-cw-hftxahvdro-fmu|.»in^l ^ nehvdmrh|ft ritift 
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StCP A: l-Ben7.vl-3.4 6 7-tetrahvdfifvpvnndin-2.5-HinnP 

To a solution of 3-benzylamino-cyclopent-2-en-l-one (5.0 g, 0.027 
mol) in dry tetrahydrofiiran (THF) (120 mL) at reHux temperature was 
5 added over 90 min. a solution of aciyloyl chloride (3. 15 g, 0.035 mol) in 
THF (60 mL). Stirring at reflux temperature was maintained for an 
additional 10 hours. The reaction mixture was cooled and washed with 
saturated sodium bicarbonate solution (100 mL). The aqueous layer was 
extracted with diethyl ether (2 x 100 mL), and the combined organic 
10 layers dried (Na2S04), and evaporated. The residue was 

chromatographed on silica gel (20-30% acetone/hexane) to afford the tide 
compound as an oil that solidified upon standing; yield 2.17 g (34%). 

iH NMR (400 MHz. CDa3): d 2.45 (m, 2H); 2.52 (m, 2H); 2.63 (m, 
15 2H); 2.73 (t. 2H); 4.91 (s. 2H); 7.18-7.36 (m. 5H). 

Mass spectrum: m/e 242 (M + 1). 

Step B: l-Ben7Vl-rfV-h<»Xflhvdm-pyrin/^jn.2.S-ritnn<> 

20 

A mixture of l-benzyl-3.4,6,7-tetrahydro-pyrindin-2,5-dione (780 
mg, 3.23 mmol) and sodium carbonate (156 mg) in ethanol (40 mL) was 
hydrogenated in the presence of 10% palladium-on-charcoal (390 mg) at 
50 psi for 48 h. The catalyst was removed by filtration through Celite, 

25 washed with methanol, and the combined filtrate and washings 

evaporated. TLC indicated a mixture of the saturated ketone and slower- 
moving alcohol. ITie crude product was therefore subjected to oxidation 
with tetrapropylammonium petiuthenate(VII) (TPAP) (52 mg, 0.147 
mmol) in methylene chloride (8 mL) in die presence of 4- 

30 methyhnoipholineN-oxide (514 mg, 4.39 mmol). and powdered 4A 

molecular sieves ((1.47 g). After stirring for 1 h at room temperature, the 
reaction mixture was placed on top of a column of silica gel (30 g) 
(packed as a slurry in 20% acetone^exane). Elution with the same 
solvent system afforded the title compound; yield 540 mg (69%). 
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10 



IH NMR (400 MHz, CDCI3): d 1.89 (m. IH); 1.96-2.09 (m. 2H); 2.16- 
2.37 (m, 3H); 2.42 (m. 2H); 2.50 (m. IH); 3.98 (m, IH); 4.25 (d. IH)- 
5.18 (d, IH); 7.21-7.32 (m, 5H). ^' 

Mass spectrum: m/e 244. (M + 1). 

Step C J-Bpn7Yl-^-oifn-rtf-hcxahvdro-niiinoline-2 fi.Hinn,> fln^ | _ 
Pg|«Yl-ft-07^a-rfT-hPTahvdrn-qiiif»nl^n^-7 

To a solution of l-ben2yl-cw-hexahydro-pyrindin-2.5-dione (195 
mg. 0.801 mmol) in chlorofoim (5 mL) was added p-toluenesulfonic acid 
(10 mg) and a solution of m-chloroperbenzoic acid (138 mg 0 801 
mmol) in chlorofonn (5 mL). The reaction mixture was stii^ for 2 days 
15 at room temperature and then evaporated. The residue was 

chromatographed on silica gel (30% acetone/hexane) to afford a mixture 
(-55:45) of die title compounds; yield 73 mg (35%). 

IH NMR (400 MHz. CDQa) for l-benzyl.5.oxa-c«-hexahydro. 



20 



Step D: 1-Bfflzvl-^^fiHMr 7 [n - rF^-hft»«^yf|nTim i nolinft-9-nT, ^ 



25 



.J"* * of lactones fiom Step C (65 mg. 

0.251 mmol) m THF (1 mL) cooled to -78'»C was added 
diisobutylaluminmn hydride (l.OM solution in hexanes) (0.50 mL. 0 502 
mmol). After stirring for 1 hour at -78 die reaction was quenched by 
pourmg mto saturated ammonium chloride solution at 0 *C. The mixture 
30 was extracted witii chloroform (2 x 25 mL) and the combined organic 

^T'T Jll^"^^^^' treated witi, triethylsilane 

C41 mL. 0.258 mmol) and boron tiifluoride-etiierate (23 mL. 0.189 mmol) 
m methylene chloride (1 mL) at -20 "C for 1 hour. Additional 
tncthylsilane (27 mL) and boron trifluoride-etiierate (21 mL) were added 
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and the mixture was stiired overnight at room temperature. The mixture 
was diluted with methylene chloride, washed with saturated sodium 
bicait>onate solution, dried (Na2S04) and evaporated. Quomatogiapby 
on silica gel (20% acetone/hexane) afforded the title compound as the 
5 faster-moving on TLC of the two products; yield 5.2 mg. 

iH NMR (400 MHz, CDCI3): d 1.77 (m, IH); 2.09 (m, 2H); 2.45 (dq, 
IH); 2.77 (septet, IH); 3.29 (m, IH); 3.51 (m, IH); 3.75 (m. IH); 3.88 
(m, IH); 4.1 1 (d, IH); 5.31 (d, IH); 7.21-7.32 (m, 5H). 

10 

Mass spectrum: m/e 246 (M + 1). 

Step E; ■'^ffiHVQxa-m-hexahvdrD-amnnl«n«-nm.9^n f 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-benzyl-5(6H)-oxa-cw- 
hexahydro-quinolme-2-one in place of l-benzyl-3-methyl-octahydro-CM- 
pyrano[4,3-b]pyridin-2-one. 

20 Step F; 2-TniinO-5f6H)-OXa-ri.v.heTahvHm.nH^^ulnn1in«» hvHmrhlnri^^ 

The above compound is prepared from 5(6H)-oxa-cu- 

hexahydro-quinoline-(lH)-2-one following the procedures described in 
Steps E and F of Example 1 16. 

25 

EXAMPF.R Ifil 




30 



2-Imin(v4-mcthYl-5f6HWoxa-rK-hi>«i>hvrim.nHVfl„inffll^ ^ 

hvdrochlnridft 
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Stgp A; l-Bfinzvl-4-mefhvi-3A6.7-tetnihYr|r o,pvrifidin-7 

A solution of 3-benzylamino-cyclopent-2-en-l-one (2.0 g, 
10.7 mmol) and diethyl ethylidenemalonate (2.5 mL. 13.7 mmol) was 
stilted for 5 days at 140 "C. The cooled mixture was evaporated, and die 
residue partitioned between ethyl acetate and brine solution. The organic 
layer was evaporated, and the crude product chromatographed on siUca 
gel (25% acetone^exane) to afford the title compound as an oil that 
solidified upon standing; yield 950 mg (35%). 

iH NMR (400 MHz. CDCI3): d 1.1 1 (d, 3H); 2.42 (m, 2H); 2.53-2.65 
(m, 2H); 2.78 (dd, IH); 2.92 (m, IH); 4.79 (d. IH); 5.07 (d, IH); 7.18- 
7.37 (m. 5H). 

Mass spectrum: m/e 256 (M + 1). 

Step B; 1-BfTlZYl-4-niethvl-r/v-he«ahyHrr>.pYrindin.2 S-rfiftp f . 

The above compound is prepared in a similar fashion as 
Example 160, Step B, but substituting l-benzyl-4-metiiyI-3,4,6,7- 
tetrahydro-pyrindin-2,5-dione in place of l.ben2yl-3.4,6,7-tetoihydio- 
pyrindin-2,5-dione. 

Step C; 1-BftI17Vl-4-methvl-Wa.rM-h>^Tai|Yft p >-fluinolini.-9 f^ \^f 



TTie above compound is prepared in a similar fashion as 
Example 160, Step C, but substituting l-ben2yl-4-metiiyI.c«-hexahydro- 
pyrindin-2,5-dione in place of I-benzyl-cis-hexahydro-pyrindin-2,5- 
dione. 

30 

Step P; l-Bfin7v1-4-methvi-5r6Hw«.^^ , y.h t> xahvdmw^.imnHn>.-7 . ^n ^> 



10 



15 



The above compound is prepared in a similar fashion as 
Example 160. Step D, but substituting l-ben2yl-4-metiiyl-5-oxa-c«- 
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hexahydro-qumoline-2,6-dione and l-benzyl-6-oxa-cu-hexahydio- 
qumoline-2^-dione in place of 1-benzyl-S-oxa-cis-hexahydro-quinoline- 
2,6-dione and l-benzyl-6-oxa-cu-hexahydro-quinoline-2,S-dione. 

5 Step E; 4-Methvl-S(6H)-oxa-cifr.hexahvdm-q»inQline-rim-9-nn^ 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-benzyl-4-methyl-5(6H)-oxa-cw- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-m- 
10 pyrano[4.3-b]pyridin-2-one. 

Step F; 2-Imin<v4-mcthvl-S(6H>-oxa-CK-hexahvdm-n HVquinoline 
hvdrochlnride 

15 The above compound is prepared from 4-mediyl-5(6H)-oxa- 

CM-hexahydro-quinoline-(lH)-2-one following the procedures described 
in Steps £ and F of Example 1 16. 



2-lminQ-decahvdiyvtrans-1.4-ben7nfftV1ia2eDinedlhvrfiYv.hlnrirf^ 

25 Step A: (+) and (-) -cis-2-t-Butvln»v^■ar^v.nYlpr^^n^^ 
CVclohexanemefhflnn| 

To a 60 mL ethanol solution of (-f )-cis-2-benzylamino- 
cyclohexanemethanol (2 g, 9.1 mmol) was added 0.7 g of 10% Pd/C. 
30 This mixture was subjected to hydrogenolysis condition in a Pair shaker 
(H2, 50 psi) overnight. Then the catalyst was removed by suction 
filtration dirough a pad of Celite. The solvent was removed under 



EXAMPLE Ifil 



20 




wo 9^14844 



FCMJS9S/14812 



-230- 

reduced pressure and the residue was dissolved in 60 mL of acctonitrile 
To it was added 1 1 mL of IN NaOH and 2.39 g (1 1 mmol) of di-t-butyl 
dicarbonate. After stirring overnight, the solvent was removed under 
reduced pressure. Resulting oil was chiomatoghaphed on silica gel 
5 eluting with hexanes/EtOAc to obtain 1.98gof (+)-cis-2-t- 
butyloxycarbonylamino-cyclohexanemethanol. (-) -cis-2-t- 
Butyloxycaibonylamino-cyclohexanemethanol was obtained in a similar 
fashion starting ftom (-)-cis-2-benzylamino-cyclohexanemethanol. 

10 iH-NMR (500 MHz. CDCI3): d 4.8(br s, IH). 4.2(br s, IH). 4.05(br s 
IH), 3.4-3.2(m. 2H). 1.8-0.8(m. 17H). 

S**^P ^' CiS-2-tButvloxvrafbonv1-^minn^c1ohe»«ni>r^ri^^n|^p|,y^^^ 

15 To a 60 mL dry dichloromethane solution of dimethylsulfoxide 

(1.86 mL, 26.2 mmol) was added oxalyl chloride (1.14 mL, 13.0 mmol) 
with cooling in a dryice-acetone bath. After stirring for 15 min. a 
solution of 1 g (4.36 mmol) of (+) -2-t-butyloxycarobonylamino- 
cyclohcxanemethanol and (-) -2-t-butyloxycarbonylamino- 

20 cyclohexanemethanol (1 g. 4.36 mmol) in 30 mL of CH2C12 was added 
with a cannula. The internal temperature was maintained between -50 
and -60 ©C for 35niin and the reaction was quenched by addition of 4 86 
mL (34.8inmol) of Et3N . The cooling bath was removed and the 
reaction mixture was wanned up to room temperature. The solvent was 

25 removed under reduced pressure and the residue was dUuted with EtOAc 
and water. The phases were separated and the aqueous phase was 
extracted twice with smaU portions of EtOAc. The combined organic 
phases were dried over anhydrous Na2S04, filteiwi, concentrated and 
chromatographed on silca gel eluting widi hexanes/EtOAc to obtam 2 0b 

30 of the title compound. ' 

iH-NMR (500 MHz. CDQa): d 9.71 (s. IH). 5.23 (br.s, IH). 3.98 (br s. 
IH). 2.7 (br s. IH). 2.0-1.2 (m.. 17H). 
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StepC: cis/trans-2-NButvloxvcariionylflniinn- 
cvclohexanecariinTaldehvde 

(+/-) -cis-2-t-Butyloxycarobonylaiiiino- 
5 cyclohexanecarboxaldehyde (2 g, 8.8 mmol) was dissolved in 100 mL of 
methanol. To it was added NaOMe^eOH prepared from 10 mg sodium 
and 5 mL of dry methanol. This mixture was heated to reflux for 2 h then 
47mg of NH4C1 was added and the solvent was removed under reduced 
pressure. The residue was chromatoghaphed on silica gel eluting with 
10 hexanes/EtOAc to obtain 1 .7 g of the title compound. The ratio of cis 
and trans isomers was determined to be 1 : 3.2 (dsAcans) by ^H-NMR. 

IH-NMR for (+/-) -trans-2-t-Butyloxycaibonylamino- 
cyclohexanecaiboxaldehyde (500 MHz, 0X33): d 9.6 (s. IH). 4.5 (br s, 
15 IH). 3.8 (br.s. IH), 2.05-1.2 (m, 17H). 

Step D: N-fcis/trans-r2-t-Butvloxvcarbonvlannino-c vclohexvl^ethvn- 
gIvcinemethvlaitM- 

20 To a 75 mL dry methanol solution of (+/-) -cis/trans-2-t- 

butyloxycarbonylamino-cyclohexanecarboxaldehyde (1.7 g. 7.5 mmol) 
were added glycine methylester hydrochloride (1.13 g, 9 mmol) and 3 g 
ofpowedeied molecular sieves (3A). Afkerstiming overnight, a THF 
(50 mL) solution of 1.4 g (22.3 mmol) of sodiumcyanobotohydride was 

25 added. This mixture was stirred for 8 hand the solvent was removed 
under reduced pressure. The residue was suspended in EtOAc and was 
filtered through a pad of Celite. The filtrate was washed with sat. 
NaHC03, dried with anhydrous Na2S04, filtered, concetrated and 
chromatographed on silica gel eluting witfi hexanes/EtOAc followed by 

30 Cmcn/MeOH to obtain 600 mg of the desired compound. 

iH-NMR (500MHz, <3)Cl3): d 3.73 (s, 3H), 1.45 (s, 9H) other peaks 
could not be analyzed due U> the broadning . 
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Mass Spectrum: m/e = 301 (M+1). 
Step E: 



To a 10 mL EtOAc solution of (+/-)-N-(cis/trans-(2.t- 
butyloxycarbonylamino-cycIohexyl)methyl)-glycine methyl ester (300 
mg. LOmmol) was added 10 mL of EtOAc saturated with anhydrous HCl 
gas. Afker stirring for 2 h, the solvent was ixjmoved under reduced 
pressure to give a white solid. This material was chromatographed on 
sihca gel eluing with CHa3:MeOH:NH40H (40:10:1) to obtam 180 mg 
of the desired product. 

IH-NMR (500 MHz. CDCI3): d 3.75 (s. 3H). 3.05-2.95 (m. 3H), 2.4-2.3 
(m, 2H). 

Mass Spectrum: m/e = 201(M+1). 

^'®P^= 4-t-BBtvloxvrarhonvl-nnf«hvH,^^H -ben^^^^w;c/t^ n.y^ ^_ 
dia2eDine.9Y^tf)-^n^ 



To a 10 mL absolute ethanol solution of (+/-)-N-(cis/tcans-(2- 
ammo-cyclohexyl)methyl)-glycine methyl ester (180 mg, 0.90 mmol) 
was added 186 mg (1.35 mmol) of potassium carbonate. This slurry was 
heated to reflux overnight TLC analysis of the reaction indicated that 
25 the startmg material disappeared and a product was fonned. TTien the 
solvent was removed under reduced pressure. Resutmg material was 
dissolved in lOmLof acetonitrile and 2 mL of water, to which was added 
254 mg (1.16 mmol) of di-t-butyldicarbonate. After stiring overnight, 
acetomtnle was removed under reduced pressure and the residue was 
30 diluted with EtOAc and saturated ammonium chloride solution TTie 
orgamc phase was separated and the aqueous phase was extracted widi 
EtOAc. The combined organic phases were dried over anhydrous 

"^^l^^^ concentrated and chromatographed on siUca gel eluting 
with CH2C12/MeOH to obtain 146 mg of the desired compowid 
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iH NMR (500 MHz, CDCI3): d5.3 (br.s, 2H), 4.2-3.6 (br m. 4H), 3.05 
(br s. IH), 2.8 (br s. IH). 1.47 (s. 9H). 

5 Mass Spectnim: m/e » 269 (M+l). 

StepG: 4-t-Butvloxvcarbonvl-2-imino-decahvdro-lH-ben2ore^-trans- 

10 This compounds were prepared following the procedure of 

EXAMPLE 43 Step E and F. The cis and trans isomers were separated 
by silica gel chromatography eluting with CHC13:MeOH:NH40H 
(40;5:1). 

15 iH-NMR (500 MHz. CDCI3): d4.7 (m, IH), 4.2-3.6 (m. 5H). 3.05 (br s, 
IH), The rest of the spectum could not be analyzed due to line broadning. 

Mass Spectrum: m/e = 268 (M+1). 

20 Step H: 2-Imino-decahvdro-trans- 1 -4-benzoreViia7ftpinft 
dihvdrochloridg 

Title compound was prepared as described in Example 156 Step F. 
25 Mass Spectrum: m/e^B 168(M+1). 



WOM/14844 



PCTAJS99/14812 



-234- 

1. A compound of Formula I 

5 I 

or a phannaceuticaUy acceptable salt thereof wherein- 
side a or side b has a double bond, 
nisO, 1. 2,3or4 

10 It tr^^^ °- -Ncci^iK 

^■^^f*" independenUy selected fiom d„ 

(a) hydrogen. 

(b) Ci-i2aIkoxy. 

15 (c) Cl-i2alkylS(0)k wherein k is 0. 1 or 2. 

(d) monoCi-i2alkylamino, 

(e) (di-Ci.i2alkyl)amino, 
(0 Ci.i2alkylcarbonyl, 
(«) Ci-i2alkyl, 

20 (h) C2-12alkenyl. 

(i) Q2-12alkynyl, 
0) Cs-lOcycloalkyl. 

(k) heteroC5.10cycloalkyl.whereintheheteroC5.locycloalkyl 
25 optoonaUy contains 1 or 2 heieroatoms selected from S, O 

andN, * 

0) aryl, selected from phenyl or naphthyl 

(m) heteroaryl. wherein heteroaiyl is selected fiom the group 
consisting of: ^ ^ 

(1) benzimidazolyl, 

(2) benzofuianyl, 
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10 



15 



(3) 




(4) 


fiiranvl 


(5) 


iiTiidd7Alvl 


(6) 


indolvl 


(7) 


isooxaznlvl 


(8) 


isothiazolvl 


(9) 


oxadi^nlvl 


(10) 


oxa7n1vl 

u acmiVI jr I f 




nvraTinvl 




pyrazoiyif 


(13) 


nvriWvl 


(14) 


pyrimidylf 


(15) 


pynx)lyl. 


(17) 


isoquinolylf 


(18) 


tetrazolylf 


(19) 


thiadiazolylf 


(20) 


thiazolyl. 


(21) 


thienyl, and 


(22) 


triazolylf 



20 (n) amino, 

(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected ftom hydrogen, phenyU cydohexyl 
orCi-ealkyl, 

of (*>) to (m) being optionally mono or di- substituted 
the substituents being independendy selected fiom 

(1) hydroxy, 

(2) carboxy, 

-NR6R7, where R7 is selected from hydrogen, phmyl, 
30 cyclohexyl or Ci-^alkyl, 

(4) -OR6, 

(5) -C(0)OR6. 

(6) -S(0)kR6. 

(7) halo selected ftom F. O, Br and I, 
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(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 
(r) hydroxy, 

or when two members of the group Ri, R2 and R3 including the 
5 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group Ri, R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 

10 which they are attached there is formed a saturated or 

unsaturated monocyclic ring of S, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 

15 optional substituents present thereon, resides on an atom 

adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 

20 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N.OorS, 

with the proviso that one of R12 and R13 are other than H, 
R4. R5 and R5a are each independently selected from the group 
25 consisting of 

(a) hydrogen, 

(b) linear and branched Cl.i2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

30 (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 

(4) -0R6, 

(5) -C(0)0R6. 
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(6) -S(0)kR6. 

(7) halo selected firom F, CI, Br and I, 

(8) phenyl, optionaUy mono or di-substituted with 

hydroxy, halo, CMalkyI, or Cl.4alkoxy, 
(c) -C(0)NR8R9, where Rs and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci.6alkyl. said Ci-ealkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) caiboxy, 

(4) -NRioR] 1, wherein Rio and Ri 1 are each 

independently H, Ci-6a]kyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORi0, 

(7) -S(O)mRl0. where m is 0, 1 or 2. 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aiyl wherein aiyl and aiyl 

substituents are as defined above, 

(10) optionaUy substituted heteroaryl wherein heteioaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionaUy substituted helero Cs-iQcycloaUcyl wherein 

hctero cycloaUcyl and hetero cycloaUcyl substituents 
are as defined above, 

(d) -C(S)NR8R9, 

(e) -C(0)R9, 

(f) -C(0)0R9. 

(g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 
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2. A compound according to claim 1 wherein 
nisO, 1.2, 3 or 4, 

X is selected from CH2, CRl2Rl3. 0, S(0)m. NH, and -N(Cl^alkyl)-, 
m is 0, 1 or 2, 

5 Rl . R2, R3> Rl2 and Rl3 are each independently selected from die group 
consisting of 

(a) hydrogen, 

(b) Ci.6aIkoxy. 

(c) Ci.6alkylamino. 
10 (d) Cl-6alkylcarbonyl, 

(e) Ci.6alkyl. 

(f) C2-6aIkenyl, 

(g) C2-6alkynyl, 

(h) C5, C6 or C7cycloalkyl, 

15 (i) hetero C5. C6 or C7cycloalkyl,wherein the hetero C5. C6 or 

C7cycloalkyl optionally contains 1 or 2 heteroatoms selected 
fix>m S, O and N, 
(j) aryl, selected from phenyl or naphthyl, 
(k) heteroaryl, wherein heteroaryl is selected from the group 
20 consisting of: 

(1) benzunidazolyl, 

(2) benzofiiranyl, 

(3) benzooxazolyl, 

(4) fuianyl, 
25 (5) imidazolyU 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
30 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl. 
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(15) 


pynolyl. 


(16) 


quinolyl. 


(17) 


tetrazolyl. 


(18) 


thiadiazolyl. 


(19) 


thiazolyl. 


(20) 


thienyl, and 


(21) 


triazolyU 



(1) hydroxy, 

each of (b) to (k) being optionally mono or di- substituted 
die substituents being independoitly selected froin 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are selected from hydrogen. 

phenyl, cydohexyl or Ci.6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, Q, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 

or when two members of the group Ri, R2 and R3 including the 

optional substituents pies«it tfieieon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Framula I, said two members may 
optionally be joined, such that togedier widi the atoms tt> 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents {uresent thoeon, resides on an atom 
adjacoit to die N on yttdch R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocyde 
optionally containing up to three heteio atoms selected fivm 
5 N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen. 
R4, R5 and Rsa are each independently selected from the group 
consisting of 

(a) hydrogen. 

10 (b) linear and branched Ci.6alkyl,optionaUy mono or di- 

substituted. the substituents being independenUy selected 
from 

(1) hydroxy. 

(2) carfooxy, 

15 (3)-NR6R7, 

(4) -OR6. 

(5) -C(0)OR6. 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI. Br and I, 

20 (c) -C(0)NR8R9. where R8 and R9 are each independentiy 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Ci.4alkyl 
optionally substituted by 

(1) hydroxy. 

(2) amino, 
25 (3) caiboxy. 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independenfly H. Ci-4alkyl. phenyl or benzyl, 

(5) -ORio. 

(6) -C(O)ORi0, 

(7) -S(0)inRlO. where m is 0. 1 or 2. 

(8) halo selected from F, CI, Br and I. 

(9) optionally substituted aryl wherein aryl andaiyl 

substituents are as defined above. 
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(10) optionally substituted heteroaiyl wherein heteroaryl and 

heteroaiyl substituents are as defined above, 

(1 1) optionally substituted C5, C6 or Cycycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
5 above, 

(12) optionally substituted hetero C5, C6 or C7cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 
(d) -C(S)NR8R9. 
10 (e) -C(0)R9. 

(f) -C(0)0R9. 

(g) -C(S)R9. 

(h) phenyl, 

(i) cyclohexyl, 

15 such that R4 is present only when side a is a single bond and side b is a 
double bond. 

3. A compound according to claim 2 wherein 
n is 0, 1,2, 3 or 4 
20 X is selected bom CH2, CR12R13. 0, NH and -N(Cl.4alkyl)-, 

Rlf R2f R3> R12 and R13 are each independently selected from the group 
ccMisisting of 

(a) hydrogen. 

(b) Cl.6alkoxy. 

25 (c) Ci-aalkylamino, 

(d) Cl.6alkylcaibonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 

(g) C5. C6 or C7cycloalkyl, 

30 (h) hetero C5 or C6 cycloalkyl,wherein the hetero C5 or C6 

cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl. 
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(j) hcteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl. 
^ (3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl» 

(7) thienyl, and 
^0 (8) triazolyl. 

(k) hydroxy, 

each of (b) to 0) being optionally mono or di- substituted the 

substituents being independently selected from 
(1) hydroxy, 
15 (2) carboxy, 

(3) -NR6R7, wherein R6 and R7 ai« each independently 

hydrogen or Ci^alkyl, 

(4) -OR6. 

(5) -C(0)OR6, 

20 (6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

(8) -C(aNR6)-NHR7, 

(9) .S.C(=NR6)-NHR7. 

or when two members of the group Ri, R2 and R3 including the 

2^ oP^onalsubstihients present thereon, reside on the same 

atom of Formula I, or two of the group Ri, R2 and R3, 

including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
oP^onaUy be joined, such that together with the atoms to 
^" which they are attached there is formed a saturated or 

unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
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or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
5 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of S, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, OorS, 

10 with the proviso that one of Ri2 and Rl3 is other than hydrogen, 
R4, R5 and RSa are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Cl.6alkyl, optionally mono or di- 
15 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) .NR6R7. 
20 (4)-OR6, 

(5) -C(0)OR6. 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8R9» where Rg and R9 are each independently 
25 hydrogen, phenyl, cyclohexyl or C i.4a]kyl, said Ci-4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

30 (4) -NRioRl 1 , wherein Rio and Ri i are each 

independendy H, Cl^^alkyl, phenyl or benzyl, 

(5) -ORlo. 

(6) -C(O)ORi0, 

(7) -S(0)mRlO. where m is 1 or 2, 
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(8) halo selected ftom F, Q, Br and I, 

(9) optionally substituted aiyl wherein aryl and aiyl 
substituents are as defined above, 

(10) optionally substituted heteroaiyl wherein heteroaiyl and 
heteroaiyl substinients are as defined above, 

(1 1) optionaUy substituted C5 or C6 cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substitoted hetero C5 or C6 cycloalkyl 
wherein hetero cycloalkyl and hetero cycloalkyl 

substituents are as defined above 

(d) -C(S)NR8R9. 

(e) -C(0)R9, 

(0 -C(0)0R9. 

15 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 



10 



20 



4. A compound according to Claim 3 wherein 



n is 0, 1,2 or 3. 
X is selected from CR12R13, NH and -N(Ci.4alkyl)-, 

^1-R2'R3.R12 and Ri3 are each independenUyselelaed ftom the group 
25 consistmgof *^ 

(a) hydrogen, 

(b) Ci-4alkoxy, 

(c) Ci.4alkyIaniino, 

(d) Ci-4alkylcarbonyl, 

30 (c) linear and branched Ci-4alkyl, 

(f) hydroxy, 

each of (b) to (e) being optionally mono or di- substituted 
the substitiients being independenUy selected ftom 
(1) hydroxy. 
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(2) carboxy, 

(3) -NR6R7* wherein R6 and R7 are each independently 

hydrogen or Ci.aalkyl, 

(4) -0R6. 

5 (5)-C(0)OR6, 

(6) -S(0)kR6. where k is 0. 1 or 2. 

(7) halo selected from F, d, Br and I, 

or when two members of the group Rl. R2 and R3 including die 
optional substituents present thereon, reside on the same 

10 atom of Fonnuki I, or two of the group R] , R2 and R3, 

including the optional substituents present thereon, reside on 
adjacoit atoms of Fonnula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 

15 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 

20 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and die carbon on which said member 
resides there is formed a saturated or imi^^f^iffltf^f 
m(»iocycIic heterocycle of S, 6 or 7 atoms, said monocycie 
25 optionally containing up to three hetero atoms selected from 

N,OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and Rsa are each independently selected from the group 
consisting of 
30 (a) hydrogen, 

(b) -C(0)NR8R9, where Rg and R9 are each mdependently 

hydrogen or Ci-3alkyl, said Ci-3alkyl optionally substituted 
by 

(1) hydroxy. 
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(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri i are each 

independently H or Cl.3alkyl, 
5 (5) -ORio, 

(6) -C(O)ORi0. 

(7) -S(0)inRlO. where m is 0, 1 or 2, 

(8) halo selected from F, d, Br and I, 
(c) -C(S)NR8R9» 

10 (d) .C(0)R9, 

(e) -C(0)0R9. 

(f) -C(S)R9. 

(g) -C(S)HR9. 

(h) -Ci-4alkyl;and 
15 Ri3 is hydrogen. 



5. A compound according to Qaim 4 wherein 

nisO, l,2or3, 
20 X is selected from C3li2Rl3, NH and -N(Ci.4alkylK 

Rl, R2, R3 Jil2 and R13 are each independendy selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci.4aIkoxy, 

25 (c) Ci.4aIkylamino, 

(d) Ci-4alkylcart)onyl. 

(e) linear and branched Cl.4a]kyl, 

(f) hydroxy, 
each of (b) to (e) being optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independently 
hydrogen or Ci-3alkyl, 



30 
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(4) -0R6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
5 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-3alkyl, 
said Cl-3alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) caiboxy, 

(4) -NRioRi 1, wherein Rio and Ri 1 are each 

independently Ci-3alkyl, 

(5) -ORio. 

15 (6) .C(0)ORio. 

(7) -S(O)mRl0. where m is 1 or 2, 

(8) halo selected fnm F, Q, Br and I, 

(c) -C(S)NHR9; 

(d) -Cl-4alkyl. 

20 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) -Ci.4alkyl.and 

25 Rsa and R13 are each hydrogen. 

6. A compound of Formula I according to Qaun 1 




I 

30 
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or phannaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 

X is selected fix)m CH2, 0, S(0)m and NH, 
5 Rl , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) Ci-i2alkoxy. 

(c) Ci-i2a]kylS(0)k wherein k is 0. 1 or 2, 
10 (d) mono C].i2a]kylaniino, 

(c) (di-Ci-i2alkyl)amino, 
(f) Ci-i2alkylcarbonyl. 
• (g) Ci.i2alkyl, 
(h) C2-12alkenyl, 
15 (i) C2-12alkynyl, 

(j) C5-10cycloalkyl, 

Oc) hetero C5-iocycloalkyl,wherein the hetero Cs-iQcycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

20 (1) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaiyl is selected iiom the group 
consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 
25 (3) benzooxazolyl, 

(4) fiuanyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 
30 (8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl. 
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(13) pyridyl, 

(14) pyrimidyl, 

(15) pyirolyl, 
(17) isoquinolyl, 

5 (18) tetrazolyl. 

(19) thiadiazolyl. 

(20) thiazolyl. 

(21) thienyl,and 

(22) triazolyl, 

10 (n) amino, 

(o) oxo, 
(P) C(0)OH. 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-fialkyl, 

each of (b) to (m) beiqg optionally mono or di- substituted 
the substituents being independentiy selected from 

(1) hydroxy, 

(2) carboxy, 

(3> -NR6R7. where R7 is selected from hydn^en, phenyl, 
2" cyclohexyl or Ci-aalkyl, 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, a, Br and I, 
25 (8) -C(=NR6)-NHR7. 

(9)-S-C(=:NR6)-NHR7, 
or when two members of the group Ri. R2 and R3 including the 
optional substituents present thereon, reside on tiie same 
atom of Formula I, or two of tiie group Ri. R2 and R3, 
including tiie optional substituents present tiiereon. reside on 
adjacent atoms of Formula I, said two members may 
optionaUy be joined, such diat togeflier witii die atoms to 
which tiiey are attached tiiere is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 



30 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl , R2 and R3 including die 
optional substituents present diereon. resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is ibimed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N.OorS, 

R4. R5 and R5a are each independently selected from die group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched Ci-i2allcyl, optionally mono or di- 

substituted, die substinients being independemly selected 
from 

(1) hydroxy, 

(2) caiboxy, 

20 (3) -NR6R7, 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F. Q, Br and I, 

2^ (8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, CMalkyl, or Ci.4alkoxy, 
(c) -C(0)NR8R9, where Rg and R9 are each independendy 
hydrogen, phenyl, cyclohexyl orCl-6alkyl, said Ci.6alkyl 
optionally substituted by 
30 (1) hydroxy, 

(2) amino, 

(3) caiboxy, 

(4) -NRloRl 1, wherein Rio and Ri 1 are each 

independendy H, Ci-ealkyl, phenyl or benzyl. 
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(5) -ORio. 

(6) -C(0)ORio, 

(7) -S(0)mRlO. where m is 0, 1 or 2, 

(8) halo selected from F, a, Br and I, 

5 (9) optionally substituted aryl wherein aiyl and aryl 

substituents are as defined above, 

(10) optionaUy substituted heteroaiyl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(1 1) optionally substituted C5-10cycloaIkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero CS-iQcycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 

15 



20 



(d) 


-C(S)NR8R9. 


(e) 


-C(0)R9, 


(f) 


-C(0)0R9. 


(g) 


-C(S)R9, 


(h) 


phenyl. 


a) 


cyclohexyl. 



provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 



7. A con^und according to Claim 6 viietein 
25 n is 0, 1.2, 3 or 4, 

X is selected from CH2, 0, S and NH, 

Rl , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
30 (b) Cl.6alkoxy, 

(c) Cl.6alkylamino, 

(d) Ci.6alkylcarbonyl. 

(e) Ci.6alkyl, 

(f) C2.6alkenyl, 
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(g) C5, C6 or Crcycloalkyl, 

(h) hetero C5 or C6 cycloalkyI,wherein the hctero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S. 
O and N, 

(i) aryl, selected from phenyl or naphthyl, 

0) heteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 

(1) fiuanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyiimidyl, 

(6) tfaiazoly], 

(7) diienyl, and 

(8) triazolyl. 

each of (b) to (j) being optionally mono or di- substimted the 
substituents being independently selected fiom 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where Re and R7 arc each independently 

hydrogen, phenyl or CMalkyl, 

(4) -OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. wheiekisO, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

r when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substiments present thereon, reside on 
adjacent atoms of Fonnula I, said two members may 
optionally be jomed, such that together with the atoms to 
which they are attached there is fonned a sauirated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three heteio 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the caibon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic hetorocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to diiee hetero atoms selected iipm 

NiOorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

IS (b) Unear and branched Cl.6alkyl, optionally mono or di- 

substituted, die substituents being independendy selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3)-NR6R7, 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0)kR6> where k is 0, 1 or 2, 

(7) halo selected torn F, CI, Br and I, 

25 (c) -C(0)NR8R9» where Rg and R9 are each independendy 

hydrogen, phenyl, cyclohexyl or Ci.4alkyl, said Cl.4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
30 (3) carboxy, 

(4) -NRioRl 1. wherein Rio and Rn are each 

independendy H, Cl.4alkyl, phenyl or benzyl, 

(5) -ORlO. 

(6) -C(O)ORl0. 
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10 



15 



20 



25 



(7) -S(O)mRl0. where m is 0. 1 or 2. 

(8) halo selected from F, Q. Br and I, 

(9 optionally substituted aryl wherein the aiyl and 
substituents are as defined above. 

(10) optionaUy substituted heteroaryl wherein the hetcroaryl 

and substituents are as defined above, 

(1 1) optionally substituted C5 or C6 cycloaikyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) OptionaUy substituted hetero C5 or C6 cycloalkyl 

whereui the hetero cycloalkyl and substituents are as 
defined above, 

(d) -C(S)NR8R9. 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 



8. 



A compound according to Claim 6 of the fonnula 



R3 



or 



wherein 
nisO. 1 or 2. 



9. A compound according to Claim 8 wherein 



nisO, 1 or 2, 
X is selected from CH2 and NH, 
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Rl, R2 and R3 are each independoitly selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Ci.6alkyl. wherein said Ci.6alkyl 

5 is (^ticnally mono or di- substituted the substituents being 

independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-SaUcyl, 
10 (3)-OR6, 

(4) -C(0)0R6. 

(5) -S(0)kR6. where k is 0, 1 or 2. 

(c) hydroxy, 

(d) Ci.6alkoxy; 

15 R4 is selected from the group consistiQg of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-Salkyl. said Cl- 
3alkyl optionally substituted by 

(1) hydroxy, 
20 (2) amino, 

(3) carboxy, 

(4) -NRl(^i 1, wherein Rio and Ri 1 are each 

indqwndently Ci.3alkyl, 

(5) -ORiO, 

25 (6)-C(0)0Ria 

(7) -S(O)inRl0. where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 

(c) -C(S)NHR9; 

(d) Cl-3alkyl; 

30 Rs are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) -Cl.3alkyl. 
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R 



10. A compound according to C3aim 9 of the fonnulae 

R3 '?3 ^3 

or "4 or "4 



10 



15 



wherein 

X is selected fix)m CH2, NH and S, 

Rl. R2 and R3 are each independeiidy selected from the group consisting 

(a) hydrogen, 

(b) linear and branched Cl.6alkyl. wherein said Ci.6alkyl 
IS optionaUy mono or di- substituted the substituents being 

independently selected fmm 

(1) carboxy, 

(2) .NHR7. wherein R6 and R7 are each independently 
hydrogen or Cl.aalkyl, 

(3) -OR6. 

(4) -C(0)OR6, 

(5) -S(0)kR6,wherek isO, 1 or 2. 
(c) hydroxy, 

20 (d) Ci.6alkoxy: 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or Ci.3alkyl, said Cl- 
3alkyl optionaUy substituted by 

25 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1. wherein Rio and Ri 1 are each 

independentiy Ci-3alkyl, 
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(5) -ORio, 

(6) -C(O)ORl0. 

(7) -S(O)mRl0» where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
5 (c) -C(S)NHR9; 

(d) Cl-aalkyl; 
R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
10 . (c) -C(S)NR8R9. 

(d) -Cl-salkyl. 



1 1 . A compound according to Claim 10 whraein 

XisCH2, 

15 Rl , R2 and R3 are each indepoidently is selected from the group 
consisting of 

(a) hydrogen. 

(b) linear and branched C l.6alkyl, said C 1 .6alkyl 

being optionally mono or di- substituted the substituents 
20 being independently selected from 

(1) caiboxy. 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C l-3a]kyl, 

(3) -C(0)R6, and 

25 (4) -S(0)kR6> where k is 1 cir 2. 

(c) hydroxy, 

(d) Cl.6alkoxy; 

R4 is selected from the group consisting of 
(a) hydrogen, 
30 (b) Cl-3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl^alkyl, said 
Ci.4alkyl optionally substituted by 
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(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi 1, wherein Rio and Rn are each 

independently 
Cl-aalkyl, 

(5) -ORio, 

(6) -C(O)ORi0. 

(7) -SRio,and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected firom F, O, Br and I, 

(c) -C(S)NR8R9. 

(d) Ci-aalkyl. 

12. A compound according to Claim 1 1 

wherein 
Xis CH2, 

Rl and R2 are each selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci.6alkyl, said 
C].6a]kyl 

being opdonaUy mono or di- substituted the substituents 
being independently selected fiom 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-aalkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R3 is linear and branched CMalkyI, 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl.3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or CMalkyI, said 
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C].4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) caiboxy, 

5 (4) -NRloRl 1 , wherein RlO and Rl i are each 

independentiy 
Cl-salkyl, 

(5) -ORio. 

(6) -C(O)ORl0. 
10 (7)-SRio,and 

(8) -S(O)mRl0> where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9. 

(d) Cl-aalkyl. 

15 

13. Acompound according to Claim 10 wherein 

Xis -N-, 

Rl , R2 and R3 are each independentiy is selected from the group 
consisting of 
20 (a) hydrogen, 

(b) linear and branched C 1 -GBHOsyl, said C i.6alkyl 

being (^tionally mono or di- substituted the substituents 

being independentiy selected from 
(1) carbpxy, 

25 (2) -NHR7, wherein R6 and R7 are each independentiy 

hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6* where k is 1 or 2, 

(c) hydroxy, 
30 (d) Ci.6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

R5 is selected from tiie group consisting of 
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(a) hydrogen. 

(b) -C(0)NHR9, where R9 is hydrogen or Cl.4alkyl, said 
Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independendy 
Cl.3alkyl, 

(5) -ORio. 

(6) -C(0)ORio, 

(7) -SRio, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, Q, Br and I, 

(c) -C(S)NHR9. 

(d) Ci-aalkyl. 



14. A compound according to Claim 13 

20 wherein 
X is -N-. 

Rl and R2 are each selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyL said 
Ci-4alkyl 

^ optionaUy mono or di- substituted the substituents 

being independendy selected ftom 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or Ci.3alkyl, 
30 (3) -C(0)0R6. and 

(4) -S(0)kR6, where k is 1 or 2, 
R3 is methyl, 

R4 is selected from the group consisting of 
(a) hydrogen. 
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(b) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl.4alkyl, said 
S Ci.4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1 , wherein RiQ and Ri 1 are each 
10 independently 

Cl.3alkyl. 

(5) -0Ria 

(6) -C(O)ORl0. 

(7) -SRio, and 

15 (8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F, Q, Br and I, 

(c) -CSNHR9. 

(d) Ci.aalkyl. 

20 15. Acompound according to Claim 10 wherein 

Xis S, 

Rl and R2 are each Independently is selected ftom the group consisting 
of 

(a) hydrogen, 
25 (b) linear and branched Ci.6a]kyl, said Cl.6a]kyl 

being optionally mono or di- substituted the substituents 
being indq)endendy selected from 

(1) carboxy, 

(2) >NHR7, wherein R6 and R7 are each independendy 
30 hydrogen or Cl.3alkyl. 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2. 

(c) hydroxy, 

(d) Ci-6alkoxy; 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl.3alkyl; 

R5 is selected from the group consisting of 
5 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or CMalkyl, said 
Ci.4alky] optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3) carboxy, 

(4) -NRioR] 1 , wherein Rio and Ri 1 are each 

independently 
Cl-3alkyl, 

(5) -ORio, 

15 (6)-C(0)ORio, 

(7) -SRio, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9. 
20 (d) Ci.3alkyl. 



16. A compound according to Claim IS 

wherein 
25 Xis S, 

Rl and R2 are each independendy selected fiom 

hydrogen, hydroxy or linear and branched Cl.6alkyl. said 

Ci.6alkyl 

being optionally mono or di- substituted the substituents 

being independendy selected fiom 

(1) carboxy, 

(2) -NHR7, wherein Re and R7 are each independently 

hydrogen or Cl-Salkyl, 

(3) -C(0)OR6, and 
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(4) -S(0)kR6. where k is 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl.3alkyl; 

5 R5 is selected from the group consisting of 

(a) hydrogen. 

(b) -C(0)NHR9, where R9 is hydrogen or Cl^alkyl, said 
Ci.4alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) caifooxy, 

(4) -NRi(^lii, wherein Rio and Ri ] are each 

independoitly 
Cl-salkyl, 
15 (5) -ORio, 

(6) -C(O)ORi0, 

(7) -SRio, and 

(8) -S(0)mRlO, where m is 1 or 2, 

(9) halo selected from F, a. Br and I, 
20 (c) -CSNHR9. 

(d) Cl-3alkyl. 

17. A compound according to Qaim 6 of the fonnulae 




25 wherein p is 0, 1 or 2; and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy. 
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(2) caiboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci.6alkyl. 

(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7. 

18 . A compound according to Gaim 17 having cis 
stereochemistry at the ring junction, said compound having the formula 




»4 



wherein p is 1 or 2, and 
15 R3 and the ring formed by the joming of Ri and R2 are optionaUy mono 
or di-substituted with substituents selected from the group consistuig of 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci.6alkyl. 

(4) .0R6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 
25 (8) -C(=:NR6)-NHR7. 

(9>S-C(=NR6)-NHR7. 



19. A compound according to Claun 18 wherein 
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R3 is selected from 

hydrogen, hydroxy or linear and branched Ci.4alkyl» said 
Cl.4alkyl, 

optionally mono or di- substituted the substituents being 
5 independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl.salkyl, 

(3) -C(0)OR6, and 

10 (4) -S(0)kR6. where k is 1 or 2; 

R4 is sdected from the group craisisting (tf 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 
15 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci.4alkyl, said 
Cl.4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
20 (3) carboxy, 

(4) -NRioRl 1, wherein RiO and Ri 1 are each 

independmtiy 
Ci-3alkyl. 

(5) -ORio. 

25 (6)-C(0)0Ria 

(7) -SRlo, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(Sm8R9. 
30 (d) Ci.3alkyl. 



20. A compound of Claim 1 selected from 

(aa) l-Aza-2-imino-cyclopentane hydrochloride, 

(ab) l-Aza-2-imino-3-methylcyclopentane hydrochloride. 
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(ac) l-Aza-2-imino-5-methylcyclopentane hydnxjWoride. 

(ad) l-A2a-2-methylanimo-l-cyclopenteiie hydiochloride, 

(ae) l-Aza-2-ethylamino-l-cyclopentene hydrochloride. 

(af) l-Aza-2-beii2ylamino-l-cyclopentene hydrochloride. 

(ag) l-Aza-2-cyclohexylamino-l-cyclopeiitene 
hydrochloride, 

(ah) l-A2a-2-methoxycarbonylmethylaiiiino-l-cyclopentei] 
hydrochloride, 

(ai) l-A2a-2-((3.4-dihydroxyphenyl)ethyl)aiiiino-l. 

cyclopentene hydrochloride, 
(aj) 1 -Aza-2,2-dimethy]aimno- 1 -cyclopentene 

hydrochloride, 
(ak) 2-Iminopiperidine hydrochloride, 
(al) l-Aza-2-methylamino-l-cyclohexene hydrochloride, 
(am) l-Aza-2-ethylaniino-l-cyclohexene hydrochloride, 
(an) l-Aza-2-dimethylamino.l-cyclohexenehydn)chloride, 
(ao) 2-Iniino.3-methylpiperidme hydrochloride, 
(ap) 2-Iniino-4-methylpiperidine hydrochloride, 
(aq) 2-Imino-4-propylpiperidine hydrochloride, 
(ar) 2-Iimno-4-ben2ylpiperidme hydrochloride, 
(as) 2-Iinmo-5-methylpiperidme hydrochloride, 
(at) 2-Iniino-5,5-diniethylpiperidine hydrochloride, 
(au) 2-Imuio-3.5-diniethylpipMidme hydrochloride, 
(av) l-A2a-2-iniinocycloheptane hydrochloride, 
(aw) l-Aza-2-methylammo-l-cycloheptene hydrochloride, 
(ax) l-Aza-2-ethylamino-l-cycloheptene hydrochloride, 
(ay) l-Aza-2-dimethylammo-l.cycloheptene hydrochloride, 
(az) l-A2a-2-benzylaniino-l-cycloheptenehydn)cWoride, 
(bb) l-A2a-2-cyclohexyhiniino-l-cycloheptene 
hydrochloride, 

(be) l-Aza-2-lminocyclooctane hydrochloride, 

(bd) l-Aza-2-methylaniino-l-cycIooctene hydrochloride, 

(be) l-A2a-2-elhylamino.l-cyclooctene hydrochloride, 

(bf) l-A2a-2-bcn2ylamino-l-cyclooctene hydrochloride. 
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(bg) l-Aza-2-methylaimno-l-cyclononeiie hydrochloride, 

(bh) 3,4-Dihydro-2-aininoqiimoline hydrochloride, 

(bi) 3,4-Dihydn>-2-methylaminoquinoline hydrochloride, 
(bj) 3,4-Dihydro-2-ediylaimnoquinoline hydrochloride, 

5 (bk) 3,4-Dihydro-2-benzylaiiiinoquinoline hydrochloride, 

(bl) 3,4-Dihydro-2-cyclohexylaimnoquinoline 

hydrochloride, 
(bm) 3,4-Dihydro-2-dimethylaininoquinoluie 
hydrochloride, 

10 (bn) 4-Ethoxycaifoonyl-2-i]]iino-piperazuie hydrochloride, 

(bo) S-(S)-2-Iimiio-l-aza-bicyclo(3.3.0)octaiie, 
(bp) 2-Immo-l-aza-bicyclo(4.3.0)nonane, 
(bq) ds-4,6-Duiietfayl-2-iimno-piperidine, acetic acid salt, 
(br) 2-Iiiiino-4-iiiethyl-pipaidine, acetic acid salt, 

IS (bs) 6-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 

(bt) 4-Imino-5-cu-methyl-3-azabicyclo [4.3.0] nonane, 
hydrochloride, 

(bu) cu-S-Aminomethyl-4,6-dimethyl-2-imino-piperidine, 
dihydrochloride, 
20 (bv) ci5-3-Ethyl-2-iinino-4-inethyl-piperidine, 

hydrochloride, 
(bw) ci5-2-IiniDO-4-methyl-3-n-propyl-piperidine, 

hydrochl(»ide, 
(bx) cu and rmn5-2-Iinino-4-iiiethyl-piperidiiie-5- 
25 caiboxyUc acid, acetic add salt, 

(by) cis and rniiu2-&nino-4-m^yl-pipaidine-S-caiboxylic 

acid, methyl ester, acetic acid salt, 
(bz) cis and rraR55-Acetamidomethyl-2-imino-4-methyl- 
piperidine, acetic acid salt, 
30 (cc) 2-Imino-S-n-propyloxy-piperidine, acetic acid salt, 

(cd) cis and /raiuS-Acetanudo-2-imino-4-metiiyl- 

piperidine, acetic acid salt, 

(ce) 5-Cyclohexyl-2-imino-piperidine, acetic acid salt. 
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(c£) CIS and /mR55-Cyclohexyl-2-iinino-4-methyl- 

piperidine, acetic acid salt, 
(eg) 2-Iiiiino-5-tiifIuoro-piperidine, 

(ch) 2-Imino-5-ethyl-4-methylpyrrolidine hydrochloride, 

(ci) 2-Iiiiino-4-methylpym)Iidine hydrochloride, 
(cj) 2-Iiiimo-4-ethylpynolidine hydrochloride, 

(ck) 2-Imino-4,5-di]nethylpym>lidine hydrochloride, 
(cl) 2-Imino-4-methyl.5-propylpyiTolidine hydrochloride, 
(cm) 2-Imino-5-niethyl-4-propylpyiTolidine hydrochloride, 
(cn) 2-Imino-5-ediyl-4-propylpynx)lidine hydrochloride 
(CO) 2-Iiiiino-S-ediyl-3-iiiethylpynolidine hydrochloride, 
(cp) 2-Iiiiino-S,S-diiiiethylpynolidine hydrochloride, 
(cq) 2-Imino-3,5,5-trimethylpyirolidine hydrochloride 
(cr) 2-Iinino-4-ethyl-5-inctfiylpyiTOlidine hydrochloride, 
(cs) 2-Iiiiino-4-propylpyrrolidine hydrochloride, 
(ct) 2-Iinino-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(cu) 2-Imino-4-phenylpyrrolidine hydrochloride, 
(cv) 2-Imino-3,4-dimethylpyrrolidine hydrochloride, 
(cw) 2-Iniino-4-etfiyl.3-methylpynolidine hydrochloride, 
(cx) 2-Imiiio-5-mcthyl-4-propylpym)lidine hydrochloride, 
(cy) 2-Iiiiiiio.3-a2abicyclo(4.3.0)noiiane hydrochloride, 
(cz) 2-liiiino-3-a2abicyclo(3.3.0)octane hydrochloride, 

(dd) 2-Iiiiiiio-3-iiiethylpynolidiiie hydrochloride, 

(de) 2-Iiiiino-S-inethylpyirolidiiie hydrochloride. 

(df) 2-Iinino-S-(S)-acetyloxyiiiethyIpynolidine 

hydrochloride, 

(dg) 2-Imino-5-(R)-acetyloxyinethylpyrrolidiiie 

hydrochloride, 

(dh) 2-Iiiiino-5-(S)-hydroxymethytyytrolidine 
hydrochloride, 

(di) 2-Iiiiino-5-(R)-hydroxymethylpyirolidine 

hydrochloride, 

(dj) 2-Imino-4(S>methoxy-5(S)-methyl-piperidine, 
hydrochloride. 
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(dk) 2-Immo-5(S)-hydroxy-4(S)-iiiethyl-piperidme, 
hydrochloride, 

(dl) 4(S),S(R)-Dimethyl-2-iiiimo-piperidine hydrochloride, 
(dm) 4(R),S(S)-Dimethyl-2-imino-piperidine hydrochloride, 
(dn) 4(S),5(S)-Dimethyl-2-miino-piperidine hydrochloride, 
(do) 4(R),5(R)-Dimethyl-2-iinino-piperidine hydrochloride, 
(dp) c/5-Decahydro-2-iminoqiiiiioline hydrochloride, 
(dr) ci5-2-Iiiimo-4-methyl-decahydroquinoline 

hydrochloride, 
(ds) trans-Decahydro-2-iiiiuioquiiioline hydrochloride, 
(dt) 4(R)-Mediyl-2-iiiiinqnperidine hydrochloride, 
(du) 4(S)-Mediyl-2-iimnopiperidiiie hydrochloride, 
(dv) S(R)-Mediyl-2-imiiK>piperidiiie hydrochloride, 
(dw) 5(S)-Methyl-2-uiiinopiperidine hydrochloride, 
(dx) 3-Imiiiothiomoipholine hydrochloride, 
(dy) 2-Iinmopiperazme hydrochloride, 
(dz) 2-Iiiimo-decahydro-ctf -qumoxaline, and 
(ee) 2-Iiimio-decahydro-trans-quinoxaline. 

21. A compound of Claim 1 selected firom 

(aa) 2-Imino-4-methylpynolidme hydrochloride, 

(ab) 2-Imino-4-etfiylpynolidine hydrochloride, 

(ac) 2-Imino-4,S-dimethylpyrrolidme hydrochloride, 

(ad) 2-Imino-4-mediyl-5-propylpynolidine hydrochloride, 

(ae) 2-Iniino-S-mediyl-4-propylpyrrolidine hydrochloride, 

(af) 2-Imino-5-ethyl-4-propylpyrrolidine hydrochloride, 

(ag) 2-Immo-5-ediyl-3-methylpyno]idine hydrochloride, 

(ah) 2-Imino-5,S-dimethylpynolidine hydrochloride, 

(ai) 2-Imino-3,S,S-trimethylpyrrolidme hydrochloride, 
(aj) 2-Imino-4-ethyl-5-methylpynolidine hydrochloride, 
(ak) 2-Imino-4-propylpyrrolidme hydrochloride, 

(al) 2-Imuio-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(am) 2-Immo-4-phenylpynolidine hydrocMofide, 
(an) 2-Imino-3,4-dimethylpyRoIidme hydrochloride, 
(ao) 2-]mmo-4-ethyl-3-nietfaylpyrrolidine hydrochloride. 
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10 



15 



20 



25 



30 



(ap) 2-Iimno-5-methyl-4-piiop3dpyiioUdine hydrochloride, 
(aq) 2-Immo-3-a2abicyclo(4.3.0)nonane hydrochloride 
(ar) 2-Iinmo-3-azabicyclo(3.3.0)octane hydrochloride/ 
(as) 2-Immo-3-methylpynoIidine hydrochloride, 
(at) 2-Iimno-5-methylpynoUdme hydrochloride, * 

(au) 2-Inimo-5-(S)-acetyloxyiiiethylpynoUdine 
hydrochloride, 

(av) 2-Iinmo-5-(R).acetyloxymethylpyrrolidine 
hydrochloride, 

(aw) 2-Iiiiino-5-(S)-hydroxymethylpyirolidine 
hydrochloride, 

(ax) 2-Iimno-5-(R>hydroxymethyIpyirolidiiie 
hydrochloride, 

(ay) 5-EthyI-2-iiiimo^methyl-piperidme, acetic acid salt. 

(az) 2-Iimno^methyl.5-(l.pentyl).piperidine. acetic acid 
salt» 

(bb) 4(R)-Methyl-2-iiiiinopiperidine hydrochloride 
^) 4(S)-Methyl.2.iniinopiperidine hydrochloride. 
^) 5(R>Methyl-2-iminopiperidine hydrochloride 
^) 5(S).Methyl-2-iininopiperidine hydrochloride,* 

^^ j^^^fif ^'^^yI-2-iinino-piperidine hydrochloride. 

^J) 2-Iiiimo-5(S)-iiiediaxy^S).iiiethyl-piperidine 
hydrochloride, 

m 2-Iimno-5(S).hydroxy-4(S>methyI.piperidine 
hydrochloride, 

(bl) 2-Iimno-5(S>methoxy^>mcthyl-piperidine 
hydrochloride. 

(bm) 2-Imino-5(S>hydroxy^).methyl.piperidine 
hydrochloride. 
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(bo) 2-Imino-3(S).4(R)-0-isopropyIidene-S(R)-acetyloxy- 
piperidine hydrochloride, 

(bp) 2-Imino-3(S),4(R),S(R)-triacetyloxy-piperidine 
hydrochloride, 

(bq) cu-Decahydro-2-iminoquinoline hydrochloride, 
(br) rranj-Decahydro-2-iininoquinoline hydrochloride, 
(bs) 4(S)-Methyl-4a(S),7a(S)-periiydro-2-iinino- 1-pyrindine 
hydrochloride, 

(bt) 4(R)-Methyl-4a(R),7a(R)-perhydro-2-imino-l- 
pyrindine hydrochloride. 

(bu) 4(S>Methyl-4a(S),8a(S)-decahydro-2-iininoquinoline 
hydrochloride, 

(bv) 4(R)-MethyMa(R),8aCR)-decahydro-2-iniinoquinoliiie 
hydrochloride, 

(bw) 2-Iimno-octahydn>-quinolin-6(SH)>one-6-ethylene 
ketal hydrochloride, 

(bx) 2-Imino-octahydro-quinolin-6(5H)-one hydrochloride, 
(by) 2-Imino-6-acetyloxy-cu-decahydroquinolme 
hydrochloride, 

(bz) 2-Imino-6-hydroxy-cu-decahydroquinolme 
hydrochl(»ide, 

(cc) 2-Iiiiino-S-iiietfaoxy-cis-pertiydro-pyrindene 
hydrodiloride, 

(cd) 2-imino-S-hydroxy-cis-periiydro-pyrindene 
hydrochloride, 

(ce) 2-Iniino-S-hydn>xy-4a-methyl-trans-(4a,8a)- 
decahydroquinoUne hydrochloride, 

(cf) 2-Iiiimo-S-fliioro-S-iiiethyl-cis-(4a,8a)- 
decahydroquinoUne hydrochloride, 

(eg) 5-Acetoxy-2-iimno-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ch) S-Hydroxy-2-imino-cis-(4a,8a)-decahydroquinoline 
hydrodiloride, 

(ci) 2-Iiiiino-octahydroqttinolin-7(8H)-one-7-ediylene ketal 
hydrochloride, 

(cj) 2-IimnoH)ctahydnH|i]inolin-7(8H)-one hydrochloride. 
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(ck) 7-Acetyloxy-2-imiiio-traiis-(4a.8a)-decahydroqum 
hydrochloride, 

(cl) 7-Hydroxy-2-imino-traiis-(4a,8a)-decahydroquinoIinc, 
acetic acid salt, 

(cm) 7-Acetyloxy-2-iinino-decahydroquinoUne, acetic acid 
salt, 

(cn) 2-Iiiiino-3-Methyl-octahydro-cis-pyrano/<i-^ /- 
pyridine hydrochloride, 

(co) 2-Iiiiino-4-inethyl-octahydro-pyranoMi-i»7pyridine 
hydrochloride, 

(cp) 2-IimiK)-4-Methyl-1.3,4,5,7,8-hexahydro-pyranoM5- 
^/pyridine, acetic acid salt, 

(cq) 2-Imino-l-mcthyl-piperidiiie hydrochloride, 

(cr) N-(l-Benzyl-2-piperidmyUdene)-N'-(phenyl)-iirea, 

(cs) N-(2-Piperidinylidene)-N'-(phenyl)-urca 

(ct)N-[l.(4-Methoxybenzyl)-2-piperidinylidene]-N'- 
(phenyl)-urea, 

(cu) 2-Imino-l-(ben2ylaininocarbonyl)-piperidme, 
(cv) Cw-Octahydro-3-imino-2H-1.4-benzoxazine 
hydrochloride, 

(cw) 2-Iiiiinopipenizuie hydrochloride, 

(cx) 4-Methyl-2-miinopipera2ine hydrochloride, 

(cy) 2-Iinino-decahydro-cis-quinoxaliiiedihydrochloride, 

(cz) 2-Iiiiino-decahydro-/ran*-quinoxaluiedihydrochloride, 

(da) 4-6rDiinethyl-2-imino-piperaznic hydrochloride, 

(db) 2-Iimno-4-methyl-6-(2-iiiethylpropyl)-5-oxo- 
piperazine hydrochloride. 

(dc) 4-Benzyloxycari)onyl-2-iiiiiiio-(l,2.3,4)tetiahydro- 
quinoxaline hydrochloride, 

(dd) 4-Acetyl-2-imino-(l,2,3,4)tetrahydto.qiiinoxaline 
hydrochloride, 

(de) 2-Imino-4-methyl-decahydro.|r«w-quinoxaline, acetic 
add salt, 

(d£) 3-Iininothiomotpholine hydrochloride. 
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(dg) S-Inuno-S-propyl-thiomoipholine, 

(dh) S-Imino-S-methyl-thiomorpholine, 

(di) 3-Iimno-5-ethyl-thiomoipholine, 
(dj) 3-Imino-5-butyl-thiomorpholine, 

(dk) 3-Imino-5(S)-(2-methyl propyl)-thiomoipholme. 
(dl) 3-Iinino-5(R)-(2-methyl propyl)-thiomorpholine. 
(dm) l-(/m-ButoxycarbonyI)-hexahydro-3-iiiiino-(l^l,4- 
diazepine hydrochloride, 

(dn) Hexahydro-2-iimno-(l^-l,4-diazepine 
dihydiochloride, 

(do) Hexahydro-2-iiiiino-S-methyl-(l/0-U4-diazepme 
dihydiochloride. 

(dp) Hcxahydio-2-iniino^-methyl-(lfl)-l,4-diazepme 
hydrochloride, 

(dq) 3-Aiiiino-hexahydro-2-iinmo-(l^azepine 
dihydrochloride, 

(dr) (S)-3-Ainino-2-iininopiperidine dihydrochloride, 
(ds) Hexahydro-3-iimno-1.4-oxazepine hydrochloride, 
(dt) Hexahydro-3-imino-l,4-thiazepine hydrochloride, 
(du) Hexahydro-3-iiiiino-5-propyl-(lfl)-l,4-diazepine 
dihydrochloride, 

(dv) Hcxahydro-3-iinino-5-methyl-(lfl)-l,4-diazepine 
dihydrochloride, 

(dw) 2-Imino-decahydn>-cis-1.4-beiizo(e)diazepine 
dihydrochloride, 

(dx) 2-Imino-decahydro-3H-beiiz(e)azepiiie 

hydrochloride, 

(dy) Trans-Octahydro-3-iiniiio-2H-1.4-beiizthiazine, acedc 
acid salt, 

(dz) 2-Imino-5(6H)-oxa-cw-hexahydiD-(lH)-quinoline 
hydrochloride, and 

(ea) 2-Iimno-4-methyl-5(6H)-oxa-cij-hexahydro-(lH> 
quinoline hydrochloride. 
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(eb) (2-Imino-decahydro-cis-3H-beiiz(e)azepiii 
hydrochloride, 

(ec) Traiu!-Octahydn)-3-iimno-2H-l,4-beii2thia2ine, acetic 
acid salt, 

(ed) Cis-Octahydro-3-imino-2H-l,4-benzthia2ine, acetic 
acid salt, 

(ee) 2-Iiiiino-5(6H)-oxa-cw-hexahydn)-(lH)-quinoline 
hydrochloride, 

(ef) 2-Iiniiio^inethyl-5(6H)-oxa-cw-hcxahydn)-(lH)- 
quinoline hydrochloride, and 

(eg) 2-Imino-decahydro-ti:aiis-l,4-benzo(e)diazepine 
dihydrochloride. 



22. A phannaceutical composition for treating a nitric 

15 oxide synthase mediated disease comprising a phannaceutical earner and 
a non-toxic effective amount of the compound acciding to claim 1. 

23. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a phannaceutical earner and 

20 a non-toxic effective amount of the compound acciding to claim 17. 

24. A method for inhibiting the activity of nitric oxide 
synthases comprising administering to a subject suffering fiom a nitric 
oxide synthase mediated disease, a non-toxic theiapeuticaUy effective 

25 amount of the compound of Qaim 1 . 
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